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(54) SWITCHING POWER SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly 
efficient, small, light and inexpensive switching power 
circuit with less noise by dissolving the defects of a 
ringing choke converter. 

SOLUTION: A first switch circuit S1 is constituted of a 
parallel circuit of a switch element Q1, a diode D1 and a 
capacitor C1. A second switch circuit S2 is constituted 
of a parallel circuit of a switch element Q2, a diode D2 
and a capacitor C2. Then, a series resonance circuit 
constituted of the second switch circuit S2, a capacitor 
C and an inductor L is constituted. Control circuits 1 1 
and 12 which are mutually turned on/off by providing 
inbetween a period, when the switch elements are 
turned off, are provided. A capacitor Cs is connected in 
parallel to a rectifying element Ds and a resonance 
period by the capacitor Cs is provided. 
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(54) [fSW©**] X^7^>^118i 



(57) mm] 

m 1 ©X-Y yflBS 1 £x-r y^*^ 
Ql. y-f*-FD l*5cfctf*-WV>^C 1 <D&&m$& 
-Vffif&ls. fg2(7)X-r y^m&S 2£X-f y^m^Q 

^^.Lt^eftsie^fiiiiKswab, ssi. s§2 




(2) 

1 

m&m i ] n ^ >x t cd i xmm iow^Lt 
stt $ n -5 1 1 h iz m 2 <d x -r y 5P m % t * * / ty * c 
^L<»:<oie^jiEiKfcMWJcSEa$n, 83Eb7>xTCD 

fftl«rc«IAU 

fg2C0X^ iy^lHlK$r^2COX-f yf»?Q2, W,2<D 
fgl • Sg2CDX< 7fif^MX< y^»f^*i:t7 

w k » m u & c t £ i#a t r s x -r *y ^ > t/m mm m . 

[»*E2] h^>XT(Di:*#^<h<>y^L£ 20 
^$n^^^t){cm2CDX<^^[elK<h^i'/V>^C 

(Dm^mmmm h ^ >x t © i ##i§g t-f >^ ^ l 

I2©X< y3 L ®&&m2<D7,<1 y^M"FQ2. m2(D 30 
^*-HD2» £cfctfm2<D*V/V>*C 2©M^ 

mi • m2<Dx-( y^m^zmx-i ^^-m^mz^y 
-?2>mm&m/u-c3zz:\z*>/*yTz>7s'f v3->vu 

mz&mvfrz.h*!&WLtt-%^ v^>?mMmw. 
im&m 3 ] S9E h ^ >x t 2 zmd/w Txmmz: 

WlrtZ>££b\z* WEX-f y^^yftHWEIBBtt. h9E2 

7X#^lC^^~r^> 1 *#««ffi^HISJtWU/t 40 
«EE£€-n^nA# LTffirESS 1 ©X-f yf*TQ 1 *3 

£zsmmm2<Dx^ >y^m^Q 2 ^tn^nwita 

»56fi<^5 fc©T**gS#:« 1 2 tCE«<OX^ 

>xT\zmwrz 1 00 aw 7x#«uc36£-r5 1 xmm 

mffiSKjSCTiWESSl •S2^7fS?Ql • Q 
2^^SlC^>/^^$fJ»LTaB^ig$-l±^^©T^ 

1 2 icKtSGOX-f y ^>^«iB«B. 50 



«rBB¥l 1 - 1 8 7 6 6 4 

2 

[«f*35 5] MESBHR^Ds** fHWfi^KeJ; 9 X 

^1-40^ ^tn^i:E*©x-f >y ^ > ^mans 

go 

6 ] UI5h7>XT01 *#gg£ 2 O^-tK 
#«U Kl^#»<Z)»»ltU»3«i:iWEl^:#»a)-* 
(D*885£!iJESS 1 2 <D7>«f y^mftW-rtlfrlZ*: 

7 ] mmxtimMftmmizmwttsnzmm 1 

*#*i:tt9J©l*#ll*mEh^>^T»cK»* K9J 

<Di$:mmt-(>yt7?Lti<DmFm&iz, mess 2© 
1 - 6 o e» % ^-rn^{dE®cox-r *y ^ >^««««. 

^7 ^ >xst^£ bfc c t t-rant^js 1 - 7 co 5 
i>m^jcE«<ox-r ^y ^>5/««S«. 

tcEKcox -f v * > ^® ^^@o 
{ ' J; 0 til E -f > ¥ Z 9 L m A b CI <h €r «p » <h T ^ If 
Mo 

m&mi 1] BfTES«E^i:bT^^-H^ffl 
HCQ^^*^miE^^/N 0 '>^C s chU 

2] 89EH^>XT0>2^c#^*|om*BR 
^2 0J^±^tt, ^2*#^^©m^gElc^ciit¥MlHlSS 

stattfeCii: -rs»*3g 1-1 i©^%^tn 

[W*3H13] WEh7>7T01**frm WE 
h7>XT©2***m *fcttfflEl 

C 3^g^U^C<h^1#® <t-r^)W*S 1-1 2<Do% 

M*ai4] MEX<^>ifM»0#tt, ME^ 

«Tbfc»t* 1 ©X< y ^*^Q 1 £*->2i^!t* 

^1-1 3<7)3*>^Tn^{cE$^c7)x-r 7^>y«»s 

Mo 

ftTbfc«»C» 2 (DX-f yf*fQ 2 ^^->$^^>IS* 
1 - 1 4 O o % tcE«<OX-r ^y ^ > 

[»*3H1 6] fflrEX-Ty^>^*0»lHlK«. MESS 



(3) 

3 

im*m 1 7 ] mmmmTD s izmnzmmmmtf 
«, ^zfmmTs-c y^>>fmwm&\z£z>m2<DX'( 

[«*S18] fflE*-WV>*C s te> mftex-r ^ 10 
$f Q 1 *fcttQ2<D*7RffCfltEh7>XT©2^C# 
£US<h^JgLT* i£+t/ty^C s(Z)MS8mffiK^ 

3 cfc 5 Jc, &rz\*mnK.lzfafr~> xttT&Z «fc -5 Ic, 

£Mf*®i-i 7 © 9 v^f n*>l:E«©^< y f > ^ 

»@B<z>aj* KSttsnsAflr©** s ic^ ut h ^ > 

£ t>0>T*5fflMcJB 1 - 1 8 (D^^t^tl^{ClBK<7)X 
[»*S2 0] ffif8BX-f y5 L >^»JWlilBtt. MESS 

\zfoVTmti£^&^£\z&K>m^mmwmm&<omti 30 

[8*52 1] MEX-f y5 t >y«H(iaBtt, WIBh 

(oa^smES«¥»i3B<offiAt»«tsnsft«©* 

-1 80>3%tvrttftkicE4R®;*-f y^>y««IS«. 
[0 0 0 1 ] 

[0 0 0 2] 

[0 0 0 3] MliBflART, JtttWfi3XhJd«j« 



*f§B¥l 1 - 1 8 7 6 6 4 

4 

6 3- 1 0 0 9 9 3^(:^fJ:^/cJ:RCC (U>^>^ 
[0 0 0 4] ^2 6teft3fc<7>RCC#it<&*-Y y?->tf 

mm^m<DM^-rmx^^ 0 vnmz&^xTitb^y 

^(Dl^HTlfCX-T^^^Ql^A* 
miHE^it^JJC^LT^So h7>7,T(02*tiT 

2 {Ctegflft^-r KDs >f>fCo^^ 

h ^ >XT(0/H7XMT 3 Ktt-tflD/t-f 7XtiT 

3 K^C^S/EJcjftDTX-f y^Si^Q 1 ^^JWT^^J 
SPIIlBfcSM'T^*. ^©9lfl@Btt^yf*^Ql 

[0 0 0 5] 0 2 7&IU2 6\Z7£\stz&&<D&J&mx$> 
X^yfSfQlH Q 1 i d 

^mmxxyznzrztb* x-iv^m^QKom^mE. 
vd s i fcni^sfc^-Tcfc^^mm-y— zsrf±c* z.n 
tmmmTD s \zWLtiznm i s tcfcsms. 

[0 0 0 6] 

[0007] omijnmizf&cxxf y7>ifmteiki!fi 
[0008] ©x-r ^>yaw*s^. (02 7tc 

*5tt3Q 1 0^->t>^<k^->t7fifOVd s 
1 £ i d 1 tKDm&Ts-t vT>!f1g&:t.1ZZ>. ) 

[0 0 0 9] ©HI 2 7 \Z^Lfz£?\Z. ^y^m^O 

[0 0 10] ©2^:fflSESK^<3i— K©^7B#JC«EEit 

[ooii] ©2*««E«* r -f*-H©a?ni«a*3*«fe 
[ooi2] <5>t.^ y^m : F^xS2^mm.Wiy^^■- 
[0 0 13] l*nm*«SKa>S»tc:ctsx-f y? 1 

>^««[»<z)^»*/h$< item i xomm&m 

ytigl«l:fflt^titt^o m^M7 7^ rty 
[0 0 14] b^L> ii7 7<A'7^JST11 X-f 



(4) 



11-18 7 6 6 4 



[0 0 15] &fz* 7>>(y7>#mWSLQ>mh&&Zfm. 

1 9 7 mzLummoTs-t y^yymm&w 

mr^ l*S^Ot!-^M^^t^cs6^ — >^-^B#c7)X 
i|B^«*Ofc«)h7>X<Z>tg5fe^€r</ci:0* Social 

mmTizmnzmmv- 2^«mmm^ 

[0 0 16] £0>5E91<&B«tt. RCC^7<7f 

#HB**MHLT. ffi/^X\ fin 30 

[0 0 17] 

>???Lt<DUP\[B\mz. w,i<o^ y^m&txti 
mmfimmztgmznz tth\z^2 ox-r ? ^[u^<h 
* / 1 > ? c <d m m matft n i e n ^ > x t <d i <t 
m^>y??Lt<Dmmm&\z$Lmzmwi2n* mm 
h v >7sT(D 2 frmmzmmm^D s *«tHE8w»ig 
K^iatte>n/!:t)(Z)^*3(riT, fgi ©x-r y^m^m 40 

x-r^[Ej&S£®2<ox-r 7fifQ2, S2^y<t 

T#tJ*U 311 •S2 0M75 1 i^M^7fSf 

^^c:^•7T•5fflr B ^»^T^sic^->/ / ^7-r^x-r 

[0 0 18] *fcW*«2tC«-5X-<y^>i/*«8« 



^Hfrte h 9 >x<£> i t-r >^ ^ l t xiinm^z 
mmz&mzn. mmh^>xT<D2$:mmzmffim'¥- 

mBtBau, ^2oox-r y^m^m2<Dx-c y^m 

fQ2, m200^-r^-— HD2, *5cfc^m2CO^^A^> 

zmmizmm-rzo 

[0 0 19] C<DmmZj:0&<DJ:ol3iftm%)%:&m'? 

[0 0 2 0] ®X-f !y^*^Ql*5«fcC;Q2«««£ET 
*->*>U X^7f$^Q2liflMifi^-> 
^yT^fctf), X-Y y^>?m$;&*:<f&lZi£,M2tlZ>o 

[0021] <z>2'Am<Dmmm^D s > 

[0 0 2 2] «*JS3Jc:«SX-f 7f>y«fi8Btt, 
iftmb7>XTlZ2*0<Drt'(T7>&m$:m?Z>L£*> 
\z. mU7s-( v^ytfUWmm*. ItffB 2 oo/H TX 

nA^bTMIBm 1 C0X< *y^^Q 1 mjfSfg 2 

cox< 7f$fQ 2 s^n^nfw»LTaBK«sii- 

[0 0 2 3] ^<D&o\Z2-D(Dn^77,mn*m^Z>^ 
tlZ&Q* tf?>\*l"<)\,<J)mftZ>2-D<D7>'f y^m? 
Ql, Q2$»ftl/TlitSCt^T?t, AVUXN^ 

ffi»C««it«IIUfe«JEiS»^^^eii:fc < fcO, X-f y 

^m^Q 2 ^x-r y^sR^FQ i \zmmisTmmizmm? 

$fcS^7^*fQl, Q2^tt> 
OM7f*fQl, Q2<Z>HB#^->^J:^«[«^Kll: 

X-f y^>ytt»®H^««l{fcl3:-f, Steffi 

nx h{t^ian^) 0 

[0 0 2 4] |f*3S4^«SX-f y^>^«iB3$Btt- 

h ^ >XT 1 OO/H 7X#^(C%^1-^ 

l*#3»«JE{CIBSJt«Ufc«EE*A*UTR«ffi^iEm 




(5) 

7 

qi • Q2^mz*>/*ymmisT&®)%Mt£ j £ 

[0 0 2 5] c^Micknn lOC0;H7X#l$ 

[0 0 2 6] If^BSlCffcSX^ yf>yiBgfH 
MESEStSH^Ds HmWlCiOX^f 7f>^T5 

ds, st+t/v>^«*t/v>^cstiT, -tn-e 
[0 0 2 7 ] m$zm6\z&2>^y^>tfnmgiWfc, 
#*o»«m*«it wbb i **«^-:#©*i«*«»e* 
3* 

[0 0 2 8] h^>XC7)l^:#^(7)^fJittC < ±:oTX-r 

iE^fflitOK^fdioTX-ry^^Q 1, Q2 

[0 0 2 9] W*«7lC«^X-f y^>y««««!4, 

l&#«£ffiEh^>XTK:KM\ RWJG> 1 #C#*l£-f 30 
>^*L£<&i£?U[HlKK:* HfrE^2 0>X-f y^HB* 

[0 0 3 0] iOflWifccfcD. A*«S(»cKWK:«l«a 
ttSl C©l*#«ttt»JJC«»fcl^C#ll 
£©#»JfcK«fcoT2ocDX-f v^R^Q 1 , Q 2 tc>tt 
T£EPiJO«ffi&*ft££n*<BT* JiESRJfc^RfHcJ: 
DQ1, Q2(Cg*^n^)#ffi^^ie)TIS:tf*®H^i£A 

[0 0 3 1 ] 11*518 Kl«-6^>fy^>af««*«H:. 
f9EN^>XT£, ih7>XT(?)l*i^t2*i 40 

[0 0 3 2] »#«9fc*«X>f y*>y««*»4. 




«fBB¥1 1 - 1 8 7 6 6 4 

8 

[0 0 3 3] 8*51 0lC«*£X-f yf>^MM 

J4, H9Eh^>AT<z)«n<>^^>x*c«fc0ffirE-f 
n**:M-e&<, -f yy^^i^^^ji^^mwimz 

m^&tz&b, hy>7,(omti^>y^^>X^zJ:^>x.^ 
[0 0 3 4] 11*5 1 li:WX-fyf>^«BiSi 

[0 0 3 5] §if*51 2i:^7<7^>^fSSi 
f4, h^>X(B2*#«£2 0ja-b»!W\ &2#:mm(D 

mtimiz*;ti?timm¥-m®f&&mttz>. z.n\z^^ 

[0 0 3 6] W*51 3Kl«SX-f y^->y«iB«« 
tt, mEh7>XT©l*#€r*IH, infEh^>XT<D 

^> 0 inject by>x<Di*Ammm\zi£mvrz** 

^C^LT»|{:gtl^^t/ty^H ^ 1 <£>X-f y 
^sft^Q l lc:^J^atifc^^/v>^C l4o£tfm2 
<7)X-T y ^^sTFQ 2 £^JKJg«;*nfc* WV>* 
C2tlfSl:lfiU h7>x©2:&#jRMfc:«»bfc 
*^^->^ttSSE*^D s KM^J««$nfc**/V>* 
C s ♦hHfiSKftUB'rs. ^(Dtztb. b^>X<Z) 1#$J£ 
fcli2*i^ttSftfi*tt^«)Si:(!:^t«). 

[0 0 3 7] W*51 4lC^£X-f 7^>y v lISIt 
tt* MEX-T y^^^WHIsIBtt, fuE*-WV>^Cl 

fgl(Z)X<^f^Q 1 Sfc»*S15 

14*«ffittifi*TfiTL&f8K:S£2 <0X-f v^mTQ 2 
[0 0 3 8 ] CCDmmz&Q^y^m^Ql&rzitQ 

2&mmj£?->*>W}ftis* ^->t>eo^<7^ 

[0 0 3 9] If*51 6i:«5X^f 7f>^tigiT 
14. BuEX-f y^>^«WlilBJ4, ltES2©^yf 

tC, i20X-f7fIWt>«£Wo ^2 COX 
<*^*^Q2K:«ns««tl4, SfSSt^D s izmnz> 

nm£hy>7.<D^mwt£®M^>y2?>x\zffiti2> 
mmmffit<DfuT*$>z>fzt£>. mmm^v s izmnzmm 



(6) 

9 

*«W»f*ifia> ±M 0 , «ifc© « t ft £ 

S 2 ©7>f 7f *f©*>»!H€:3t«)5. Z.tl\Z&0* 

S^ffit^oT^->t7l-5iS^t^^cfco 10 

i$q 2 <D^ym\zmm h ^ >xt<£> 2 x^mt&Mis 20 

^Cs©$iIS:S«t5. cmaD+t^y^Cs 

[0042] m&mi 9izm2>^ y^>^nmmmx 

^comffiSiffli^fT^ttfetc, MfESFat^siHiKoai* 30 
(7) bbi^* * «Bf t tzz&*>\z mmm 2 

0, feiiAtf h^>xoa!*ip]^©ia«»**«fl£x>r 

te£/u£*s<u x<7f*fQi, Q2, y-r^-F 

D2, h^>XTft < 5f(Z)a»3ia^c«:fi:«TSCi:^-C 

40 

[0043] w*^2 otc^^x-r y 7 >tf nm&m-v 

1 <0^>B$K*5J;tfmrEN^>XT<DjiS^f&j'\CD 

a«sic»"rsa»*ffii^a)a»*<Dfij^s:, MES«t¥ 
d <h k £ o wEsa^fBiHiK^mAcDmEEMnsfT 
?Qi<D*>mm<ommtf)mmtsn. x^^^>^« 



«fBH¥1 1 - 1 8 7 6 6 4 

10 

[0 0 4 4] W*«2 1 tC«£X-T 7f>^«i8SiTf 
fi, HftEX-f ^^>^©JWlHl»tt, 83Eh^>XT0>JI 
*r^^©ia«*Jc»i-*jfi*i^^a)Bi«aco#j^*Hf[E 

Sft$^Sdttc<tO8aEfiffi¥»0BOHB*<Z)«ffi#J 
W*fto£.tb\Z. i}ES2©^yf*fQ2©t> 
NrHSrSK— ^Kf*. cjuc^oq 2 *:7H 
8ljWa«-5£K:ftD* x-f y^>^«ifc*£&«--5£lc 
SOut^tt, X<y^>y«Jft»©*»B***(tta 

n&«iB[Eis» \z mm x * £ «t 5 ic ft s . 

[0 0 4 5] 

mwcommoMmi mi\zmio>nmi&mz&z>x-( 

T«h^>XT*0. f(?)l*#iTl^>^^L 
£<Z>ffi*Jia&K:SeiG>X-f 7f0SS 1 £A^m^E£ 

tswc^T^^tc. i2©M ^^(hiks 2 
t/v/^c ^cdie^jehib^ i*#^t 1 h^yyzzi. 

<o 2 ##iiaT 2 {cttSEat^-f t-HDs t^mzi 

[0 0 4 6] El(C*3^TmiOX-f ^/^[HlKS HIS 

Sl^t/1y^C l<7>^JSttlHlK7?«^b. fg2GD 
X-f y^BKS 2tefg20DX< 7fiTQ2, ^2(0^ 

S&TStlSbT^*. h7>XT(I[i2^©/H7Xt 
IT3, T4£t£tt> /H7XtST3, T4tCttX-f 
yf»TQl, Q2*tt»i-*lW|l|lsl»l 1, 12^ 
nftlggltt^o ^fc2^ffl©I^t-HDs 
lCte^JK^WV>^C s §«Stl/TV^. &tHteJ&l 

mamas i osrttm-r*. mi*@ki hwtxhi 

T3c7)^^mm^A^LT, X-Y y^^Q lKfcfbT 

u mmnmiKDmzi&vx&KDT.'C 7f$fQi© 

^-^ y-T ^ >^£SJPPT-5 £ chlc<£ 0 Q 1 ©*>fifM* 
SJST^)o ©JfflllHlBl 2li;H7Xt»T4 0»4fE 
^A^LT, X-T 7fSfQ2©t7^ ^>^^$IJW 
?ZZL£{Z£QQ2<D*>mm*$m-?Z><> Z.0)UW\B} 

ki 2tt*Btisi;T*aiiHi»i 4^^mfi-^^A^ 

U m2C7)X-r^^^Q2cD^->PtP^^$JjfflI"r'5o c 
<7)Q1, Q2<0^>«fPfl»J»^t?^Ttt«JCl¥i£'rs. 
[0 0 4 7] ±EM»IhI8S 11, 1 2 \$Q 1 <hQ 2 

\z*7^*m%*&hjX&mz*>/*yznz>&o\z 

[0 04 8] ftfe, ^>^?Ltth7>XT©aW 



11 

[0049] m 2 2 tzm i \z^i,rz.\z\&&ffi<DmmmT 

i^BJT^o 12 2C^^T, Ql, 0 2^X^7^ 
Ql, Q2©:fr>*:7£igtMg#* Vdsl, Vds 

2, vsittnfn+t/v>^ci, C2, cs^a 
m.j£$Lmmn, idi, i d 2 , is Kt-en^tix-r * 
^ieisssi, S2, »**^ds 

So 

[0050] *m$&<Dmmz\ 7.^ v mmr s\z 
te^xmmt 1 ~ 1 6 (Ds-KDmfcvtmAzftrtzctrf 
t#s<, vrf\z&&mz&rtz>mfc*^ir« 

[0051] <ttmi> 1 1- 1 2 

^><h, vtm2\zm&rz>o 
[0 0 5 2] <vtm 2 > t 2 - 1 3 

X<7fifQl^->t7t§<!:, h7>XT©l 

M1"^o 2#0miN^>XT(D2*#i*i&g£ 

Vd s lCOiL^-h^D^Ofi^H. Cl<hL*5cktfl 
^#^T 1 <D^ ? £<D&M\Z<£Z>iE&$i<D--mT* 

$>Z> 0 i d l(DS^T#DgP#te, Vd s 1 ©9 0° & 

[0 0 5 3] ^tAy^C2 0SMEVd s 2 
^>^»f£U ^3tcS^-T^o Vds2^W 

v&ftcD&mz. c2^L^^r;i*igTi^>y 

^^^CO^MtC^^iE^CO-^T^^o i d 2<D\L% 
T**0S8»«, Vd s 2(09 0° &fflai^<DS^T^ 

tK». C s i2^ST2^>^^^gl:J:S 

[0 0 5 4] <ttM 3 > t 3 - t 4 
«13m ^t-HD2^diX^7f«fQ2^ 
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*rti/?C\Z&Z>&mMM i d 2 fi|g#HC®'> 
So Sot, C^SSti s^^^^ch^bf- 

xhyy^commmffi. im^mm \ d 2<om%& i m= 
io Dsi^->t7t> mmm^D s co^m«t^->^^ 

[0 0 5 5] <#cfi|4> t 4- t 5 
i^ifDs^7t^<h, l^jT*te^WV>^C<h 

i d 2 ^-€-©a««8SE i mt'fe^, 
[0 0 5 6] <#cM 5 > t 5 - t 6 
t 5tX<7f^Q2^->t7t^i, h^>X 
20 T(Z)i;£#^g|£-f >^^Lte> 1*5£ 

C2^m o 2 5fcflimi, h7>XT©2* 

[0 0 5 7] +t/V>^C 10fflglEVd s l^TB 

<ht* t 6TX^ 7^*?Q 1 Jd^->t>$nf 1EX 

2^«jT?tt^^/t->^C s ©Ha8*EEV s^**JEE 
30 A>S±#U 2^:#^mEEi:tH^mff<h(7)fPc7)mEE(C^ 

[0 0 5 8] 1 X-f y f >yHM»fc 0H±O J: 
->*>ls. X^ 7f ^TQ 2 ii*iS#ifit^->t 

fz. 2&M<DmmmTD s\zmmffiT'?->*>L. k 
^<DmmwLmzmmffifrz&&ft&mziL*>±tf o , 
40 mffi<D&{tm&m£fc%v~?&izmhrcm. nztmm 

So 

[0 0 5 9 ] H2H ^2COHJS^tC«SX< 

y**isiK^***«-rHT?*s. rem ^2x^r" 
50 aw^ftiii:, h7>X0i*iiTL -f>^* 
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PL. 3I2CQ>W y^\E\&S 2. * * /1 C <DW.F\\zl 

[0 0 6 0] 0311 ^3©iliICf^X^7f> 

H0ttfc43t>TH h7>XTO/H7X«»T3Sft 
illcjfjt^ fiJ»[HlKll, 12^X<7^fQl, Q 

<0 U$ Id Q 1 M7XtHT 3 0>3e&«JEa* 

<ISJE<^CQ2 £*>£i*£o cntCJ:0, SSifgfi 
lC<tf3Ql, Q2^SJC^>/^7UTH2 2JC^b 
fclif^^rfT^o C(DIUKtU:ntf, Ql, Q 2 * 

[0 0 6 HH4H m4<Dmmj&mz%z>x-( 
timmE\zi$isTmm\zmmLt£ho>-x:fc2>o lot, 

[0 0 6 2] B5H fIZSto&mMmiZ&ZX'f y7> 

t?mmm&<»mfc*fKTm-e$>z>* z. ommz /htx 

#iT3, SSKax-f y^lalBS 1, *20>X>f y^im 
BS 2<O j en^ r n<7>--«8«:*a^»jRb^: ! b©T*S. 
£ ©«^Jc«tn«, • MVUbIR 11, 12 te_hfE*M<£>m 

1 2CD0K«^fB5»i:/«J:S. 

[0 0 6 3] 06*5J;tf02OH SI 6 (D^MJ&m\Z& 

y^>?mm®ft<Dmj£&7ik*rm-e&Zo z<om 

TH 2^cffliJ©S8ft^«hbTX-f 7fIfQ3^i 

SOBIhIKI 5^h7>X©2^#«T2<058^«JE 
(C^DTX-f -/^STQ3^^->/^-^$fJ10S'rs« £<D 

0 6£:fett5g«t^TQ3£L>T, i2 0^tJ; 
5 tC, MOS-FET^ffl (r^ntf »jB»3&*/ha < & 0 > 
SE8iEHI«S^45ttS«**<««Sn«. 02OtC*5^T, 
DsttMOS-FETOS4^*-H, CsliW 

[0064] 0 7 fccfc 0 2 1 H ©^JB»ffi{C« 
SX-f u/^>^ r SiBlHlB©«fiE*^'r0-r?*S. d<0«l 
Tftl SJ»IhI8& 1 5 h7>XTW7XtiT5. 

<y^^Q3$rSJffll^-^ci:^tCbT^^o fc*3, CCO 
«-Cli*2 0X<yf@BS 2 £*^^zs?Ct(DWLm 
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Wi:^lTl^^ 0 7lc43tt£fi«K*^Q3£LT, 
0 2 1 \ZtR-?£o\Z* MOS-FET^ffll^^M 

2 1d;fcl>T, DsHMOS-FET^y-ft- 

[0 0 6 5] i8d msnmmmmiz&z^ 

10 XT(0 1*S»T1&#RN1, N2 7f^T2 0©B8» 

WfcSWU l*#*Tl©j«BB*X-f y^lsIISS 1© 

n, {liME^Vo, 2**IT2(Ot»S:Ns(!:tS 
X^y5F0BS lOMSSJEEteV i n + (Vo/N 
s) (N1+N2) t^$n, X<7f0{^S2O)W 
SEEteVo • N 1/N s+Vin-Nl/ (Nl+N 

2) t?^$n*. 

[0 0 6 6] ^T, ±EN 1 , N 2<D#gc£^;L£;r 

20 £k«£ot. x-t^sbs i, s 2tcfflun$nsam 

^f«So lot, m^Nl+N2^-S^^^ 
£\ N 1 £/Jn$<T<5B:£. X-Ty^*^Q2fC«fiH 

[0 0 6 7] 09n m^<omMmm\z%^7s^ y3 L > 

jRt-r >^^^Li:A*«ilSE^fi^J^»3ttUTl^o 

ffffl»*«0 8©«^tra«T?*5. 
[0068] 01 on mi o<Dmmmmz^^>^ y 
30 ^>#mmm&<om&*ttmT:#>z><> :©«tn i 

£«I*U l^*«Tl©jB«*»2 0X>f y^EIKS 
2<0*8BK«lffiLTl><5. 

Vin + Vo-Nl/NstaO, >Wy^[El&S2M 
a8©«EEttVo (N 1 +N2) /N s +V i n • (N 1 
+ N2) /Nli&S. ftoTN 1 +N2^- 5t£Tn 

[0 0 6 9] HU& 81 l<D^MMm\Z&Z>X«( y 

l, -f>^**L, A*m^Et#tcs:^j(c^$n^ 

cfc^CbTt^o f^ffl«I*tt0 1 0JC^b^ct>O^ra« 

[0070] 01211 mi 2<D*JS^8gfC^5>W y 
^>i/*S®B©««£ST0T*5. COIhJBTH 
h7>XT(Cl*#j»T 1 ttt»J0 1^:#J|T 1 ' £R 
W\ 0 1*«»Tr t^f>^^Ll;^l,T^20X 
-f 2 C £ ^WIlCgglT^I), 

50 1 *#2£T 1 CD#gt£N 1, Wl &mUT 1 ' 
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WSk S 1 a>MSI*EEtt V in+Vo - Nl/Ns+Vi 
n • N2/N 1T*&D, X-f y^0KS 2 <DM»aJEtt 
Vo-N2/Nst*^ fcT, l*tiTl^:T 
1' ©#***We'J-«Ct»C«fcoT^-f y^WTQ 

[0071] B13H an <Dmmmm\z%^>7s-( v 

>XTtlti8T lg&#£-f >^^tltffl^ 1 
&ffl£2#flJ££i£JISLT^£. l*$J<h2##J££& 

[0072] 01411 S14 <Dt&mi&\Z%Z>7s<1 V 
2(DX< >y^(HlKS 2 <h*WV>*C£<Bfi^JI§I»£T 

i T^-r-r >y&?£^ >y??Liz>&zfxtimmEiz 
[0073] Bi5it mi s<bnm&mz%z7s>( y 

-f7f*fQl, Q2iLTfnfnMOS-FETI: 
fflt^ MffiElKll, 12liQl, Q2 0V-X-y- 

ii^o CC7)i§£\ ^*-HDl, D2HMOS-F 

fc+t/V^Cl, C2t)MOS-FET(Z)f^M 

^®J«iLTfcJ:K 2*i©II^t-HD 

s (cM^jjg^bfc^^/r>^c s \z~D^T*>m.m¥^* 
[0074] Bi6n si6 (ommmmjz^x^ y 

1 T^T-T >^ ^ <h< >y * 9 L *3 cfctfA^m^E \Z 

ttvmmzi&M'znz&wizmrtT^Zo ^<d^<d^ 
[0075] 017 n ssi 7 (Dmmmmiz^^ y 

7>X<0 2;fc#»T2©ffl*ffi£2oKW\ -tn-enK: 
»»^*-HDs, Ds' i:¥^3F>^>1tC o, C 
o' M^t-KDs, Ds' 

afc^Uc+^/^^C s, Cs' MlTl^o 

h&<* m^t>^xm^xh^K fit, cco^fjT 

H2-2' ©tti*«£E**UiUT, fHfl|[5l%l 1^X< 
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ot, 2 - 2 ' m\ZttitimK.V o tlsT&fetitfjmEEW 

f#^n^>o ^fcs^2- -2" tc«2p^^m*mmw# 

[0 0 7 6] B18H ftffif«SK I o ' <DXn\Ztt?& 

nmzmi 7\zif;Lrcmm®9&<Dft&-T? 

&Z>o C<D£olZ. m 1 7 K^Lfc[EW&TH <Y>^ 

[0 0 7 7 ] B19I1 mi 8^1fil:i§^-f7 
1*«BT1©IB, 2*#iT2 0H, l*#iTlt 

^>¥??Lt<DmpmmzttLTikmiz*''r^zs?c 

20 3, C3" , C3' &«abt^S. CCT, C3, C 

C2M>^^L^3J;tfl* 

C 3" «2*#«T 2 «h**/^*C s <h(D*®*#^ 
#»£^*5fc«>, CI, C2^i^Cs^^C < h 

&<, :ne)Wf/v>^c3, C3' , C3" o^s 

un^wv>^c3, C3' , C3" wnfn^ 

[0078] c?t, ±m&^mmmiz^i,rziB\mz&^ 
30 t, ta^a* (tB^sjE) (D&feik&m&mmz^T 

WzmWTZo MX-f yf*fQ 1 (DMffi i d 101 

x^yT>?mmizt>tzzmvFigim$:m2s\ziKTo m 
2 s\z^xb^>7sT<o\m^^<D&mmm (ti- 

t2)*Tonl, h^>XCD#^EE^K"rsmi 

<z>#«hh ( t 2- 1 3) £Td i, i^enfciix 
*;w^»m$ns«Bm ( t 3 - 1 4) nof f l 

h^>XTC0^[6]-\^®imffira (t4-t5) ^To 
ff2, H7>X©#«S«ffi^Kte"r^S2©*«SBM 
(t5-t6) 4Td2, h7>XT(D»^iI$ 

40 nrzx.*)i,¥&AJjmm\zm*k2ti%\Ei*kmm (t6- 

t 7) £Ton 2<hn o *«SBMTd 1*5 

£tf t d 2 ttx*;m=3W»»-r £i£ttTX*;M2(Bii« 

iixw^Ph h^>xT<ai&#ft^<D®fiBx* 

;i/^P2, Art^£®£;*n£[eI£x*;i^S:P 3 
(htlxh,- h^>XT©a?*|p]^a)Bi«X^;^P 2*t 

A^m^tciHi^^n^iHi^x^^p 3£&£o Lta* 

otf^^Bix^MP 2 tBtx*MP 3 <h 
50 [0079] [jtl] Po = Pl-P2 = Pl-P3 
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A^mEE£V i n, h ^ >XTCD 1 ##jggtfM *M«"T?*£nS. 
>^^>X^Lm, X-f ^>y«JH*T, Mtl&m [0 0 8 0] 

P1=T (V i n • To n 1) z /2Lm 

[j£3] P2=T (V i n • T o n 2) 2 /2Lm 

[i£4] Po=T-Vin 2 • (To n I 2 -To n 2 Z ) 7?/2Lm 
m^maE^Vo, h7>XT(Dl*tig$:N ^Tti^§. 
p, 2*#ig^Ns, ffi*«ffi*VottK5K [0 0 8 1] 

[jt5) Vo= (Ns * Ton 1 • V i n) X (Np-Tof f 1) = (N s 

• T o n 2 • V i n) X (Np«Tof f 2) 
^n^^O, AMEV i n©*ft^»-r*ffi*« *To f f 143cfc^ Ton 2 /To f f 2H ^5 tC<fc 
ffi©fWWOfc»K:tt. X-f y^-JITQl 0, LB^mmVo, AMEVin, 4ocfctfb^>X(D 

3T-5CitCj:0> TonL Tof f l^SJiUT, #|gi£N s /N p tC «fc 0 ^n^„ 

m^omffi^*ja-r^>o *fc, (a***) <?> [0082] ^yf>y«*fii 

Il^tlTH a:4«tf5. Ton lt^X^7f f = 1/ (Ton+To f f) =1/ (Tonl+To 

1 ©*>RrlB, JfcttTon 2tato-6X<yf n2+Tof f 1+Tof f 2+Td 1 +Td 2) 

c^tc^orm^rmffi^fflSIT^o Tom/* 

(^ 6 ) f = l/((l+(Ns«Vin)/(Np'Vo)) (T o n 1 + 
Ton 2) +Td 1+Td2) 

hU^Zo ^fl0*>RrWTon l3&«*<a:Scfc5fc:«lliaB8l 1#* 

[0 0 8 3] dCT, X-f ^^*^Q2 0*>PSPfl^*J -fry^*^Q 1 ©^>RrM*»JWr^« W» 

flfU h7>XT(Dffi^[fi]^oai^To f f 2$, [el% 1 2 if Q 2 $:X-f 7 f IfQ 1 Cl^ 

*«EEX<y5 L >^»ff^^St'Sfc^tCi^S>a:fi/J^ ibt, h^>XT©i»^F6l^<OB«ieWT o f f 2^ 

m (-fev$m) t-?zm&* Tof f 2MOTon2 ±m<nm'mm£fcz>£o^mm~rz>. c<Dt%. x-r 

te. AAtEVinfe«kWt^'>^Cl, C2, ^>i03ifcftttit 6 <fc 0 0 , Ton 2, Tdl, 

>X© 1 *t8T 1 ^ >X Lml: J: 0 ft^ 5 Td 2H ft^SHJSEftfcJ; 0 ft^SStS-ffiffli:** 

mZtlZo i220 (A) tt-e<D*-&©««E i d 1 <Z>^ X< y^>y«SMR#*?B < fc£ £ 
{t(D»&#J£^LT^So <Il^2 2tr*5tr>TliTd 1, 30 £<z>x< y ^>^«ifi*^ft'liS«e*a>R c c 

TOi»*[S's<Da«fipP H 1To f f 2€r«/N$fSJ (— SWf [0 0 8 4] 

fW) tlfctt tWKaS^t'X-fy^QU 

[it 7) f 2 = 1/ { 1 + (Ns'Vin)/(Np«Vo) } Tonl 

(A) Id^bJtX-f y^>y«l»*SC"ett, P^Ton «£*<E>RC C^StTtttBAiX-Y y^>^J18tg[ 

2, Tdl, Td 2^Rfrtfe^ttCj;0«e**a:i:Jt« tt»KJt«©M«tftS3&*, B 2 2 £> (A) KSLfcfM 

U ea^OX<!y^>^«ift»©iS^ai#J$n »;fritT?tt, ft*GDRCCt;ii£-cT, XY^f>^HK 

±EB#HTdl, Td2H SStt^fcM^HC^^ 40 8c^>Xtt^/h$ < ffli^-^n^o 

n-sZC s £^Lfc£<btCcJ;Dl£tt£n£t><Z>T& [0 0 8 6] H12 2<7) (A) K^LfcX-f y 7>t?$m 

XY yf>^HS»©±#$«lMl/Ti^. h^>XT<DaJ£®*I5tc> lM«^4^^o £<Z>fc 

[0 0 8 5] 0 2 3 tt-tEfHWIsIft 1 1 <Dfcm lZ<£Z>m BAWf* £Bfi^£TiS^?Ue:I*f£T£ £ <ha**Jtg 

HBK&^T, Atel^2 2<E> (A) (C^Lfc* 50 [0 0 8 7] ±»bfc€-^J6^ffitc43ViT«* 
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£$il^T££<hfc-Ci*£<> + i£6cfcD. (To 

nl+Ton2) £iat£-££T* £ <hlCJ: *K X< y 
^>yffl«UR£««-££U S5J;0Tonli:To 

&<> 02 2(7) (C) te-£(D*§^<Z>mcS i d 1 (D&itom 
^J^ttt^o Z(D£?\Z, ftW<l<&5li£To 
nl0Ton2CSt5K^^<n. -fftfr^ 
HffC^SSiceUT, Sfl»lsI8&l lfcX-fyT-m^Q 
10*>BKTon 1 £fHWLTffl*«JE#--5££fcS 10 

•tsrcu Aif9isrei2tt. x<7fifQiMi 

^l:»6fX<75 : *fQ2W>W B 1To f f 
^tcr^C^tCckoT, Ton+Tof f*«-£^§ 
<l:3K:Sfl»T£. H2 3l:4^ Cte02 2co (C) 
fC^Lfc;£^{C<£e#ttT*&<5o d<7)J:3fC, 02 2 
(C) fc*bfc»J»*STtt. *«f©**SCI8«a:< 
X-f y 5 L >^«tt***-ffit3a:*. 

[0088] L^b^e, cox-r yy->y*m*sc 
-eta* affia*e^*-&i;:£^T 5 &, x-fyfQi©*- 20 

[0 0 8 9] ±BBC0To f f 2 <fc 

^ICll^cOT^^Kj&UTTo f f ZmfflTZttti* 
fkffi<D±Z2\Z&t}t>?T o f f *-j£Ktt«rrs*5£ 

n 2CDit^S^{b^^^c:<h{CJ:i9aS^m£ES$fJfflIb, 

H»»©SEft7&«WlHt3a:63teV^ffiflBHTtt, Toff 
2£*/Ng£:Lfc££, tWK^^)^^<7f$ 
1 ©t >«fPflT onUK LTffl#«ffi£Sflffl"r 
0 2 2(0 (B) tt-ecD*^©««E i d 1 CO^fclOBS 
M^ltt^o 0 2 3lCl*3tt<5 Bte, ^C0i§£* 

<&ftffi©*€rsi;:*rrsx>f ^^>y«ift*«>*»©§i 

S^ltt^o ZL<D£o\Z. 02 2 (B) K^L^cfaJ 

[0090] 02 2 co (a) iz^vrzmmjjjZtz 

:fc^T, ft^CO^^^tC^^^-TTo f f 2£*/NB<& 

>p$mto f f&mm-rz>&* -^©/ta&ictt, m^<d± 

m*«EEVoJBin^tB*«8StI oMl> Mff IslBS 1 
2\tt<Dtiimm*i&&ttT* Toff 2^*/MS©BtW 
ta5«k5C, Q2<D*:7*^>^£Si]WT*. £ 
fc> 0 2 2 CO (C) lC^Lfc«fc3k:, Tof f£— 5£K 50 
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-rzwmtt<om&tz\t* nwmi&i2\zmfe&m&*: 

HUT, Q20^->t>A^^->t7*TOW 
[0 0 9 1 ] 

[JS91<o«&*] MI#Bl, 2K**J»Ifc:«fcntf. x-f 
v^^ J fQl^cfc^Q2^#mJET 3 ^->t>U, X-f 
y^SI^Q 2tt*««Rftifit?^ — >t7-T^fe«>, X-f 

y^>^a*^iB»cfi«$n, 2^nijco^^tSTD s 

[0 0 9 2] B#^3K«S»WCcfcntf. ^7>HU 
^©■ft« 2 ^OX>f y f *f Q 1 , Q2£*fi»LT 

fcBX-f7f*fQl, Q2**t%fc*7ta*«H|IB* 
§gf;:»tt£ lo2O(0X^7fSfQ 
1, Q2©H«ft>(c<fcSSS«^B6jtT€rSo ££fc, 
X-f7f*fQl, Q2£«B56«fc:«fcr)X-f y^>4/ 

[0 0 9 3] H#«4K«S«Wfc:<fcntf, 2 0©/H 
TX#*Sri6SSt-frT. l^©;H7X*»*ffi^*S 
Jttf**fc». /jN^tfi£nx h^h7>X$iWui 

[0 0 9 4] Bf*a5lC«-538W»Cctntf, 2^fflfJS«[ 
lilKTcD*ffi»*Sfi«Tsc:t^-e#, Sfc, x-f y 

^(om^y^^-^t.m^^n^^^mzmm 

[0 0 9 5] W*3B6^«S5S^^<fcntf. h^>XC0 

[0096] m$ir&7 \z&z>5tmz&n\i. x^mmjz 
mz iKmm£v>mwL\£\z^T2~z><b7s^ yj-m^Q 

1. Q2lC*t"rSH3»P«£E^ft«$n*©T, ±I2#R 
it CO ISfHCJ; 9 Q 1 , Q2KS#£n*iHJE£S«>TR 

[0097] m$tm8\zmz>&w\z&n&* immmo 
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[0 0 9 8] M*H9l;:fll*XHIcJ:fttt. «lfc»*S! 
[0 0 9 9] §f*Kl 0K«<53S9I ttA£R 

fiftf^«cffli^fc«>, h7>x(Oin< >99 9>*\z 

ctSX^Mjl^ftJlTf**. 10 
[0 10 0] fflf*El llc«S5SW«c<fc*itf, IEAj£R 

[0 10 1] W^l 2lc«*589ik:J:ntf. ^ItitKD 

[0 1 0 2] Bt*Bl 3t£«53891K:<J;ntf, H^>X 20 
(O l ##it£P^ jc»« U fc* ^ * fc tt l t 

> X co 2 K 8^ L * * /I > ^filfl5*fDs 

co*t#>, h^>X<Z) 1 2 *«K;mtS#JR* 

[oi 03] m#mi4, 1 5 \z&z>mmz&ti&, x 30 
<yf*fQ i *^«Q2^mm^->^>sif^u, 

co i o 4] m&mi 6ic«*»wK:j;ntf. x<^ 
mf-Q2&m£mmffi?—>*yW}tEis, 9->*yn 

[olos] m^mi 7 iz&zftwiz&nis* mmmf- 
d s tzmnznm&MMfc&ik&thtetotsi^rztb* x 

zn. mmm&i&U2ti2>. 40 
[o i o 6] m&mi 8iz&z>5£m\zj:n\$* *w^> 

[0107] fjtjRS 1 9 K«5*9ilC lelKfC^t 

[0 10 8] ifdc^2 0K«£K91K:J;ntf. X-<>;/^ 
>yH«R©«fl:«*ffl»W»c/hS<b, logM^ 
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[o i o 9] m&m2 nz&z&mz^ntt. x-r^ 

>#m&fk&mi- 4 &tZ&Z) X-f*y^>^ 
raRRO)^»«^M»$nfc«iBlHl88JcjgfflT^S<J:^ 

[0ffiOfg¥ftifc91] 

[an mi<»mmwm\z&&x^ yT>yn.mm'&<o 
[H2] m2<D$mmm\z%z>7,'i y^>^mm^<D 
[H3] m3<Dmmmmizmzx^ y?->¥mM\Bi&v> 
[84] m4<Dmmmmiz&z>x"( y^>^mmmm<D 
[0 5] f&5<Dmmj&mzmz>7s<iy3 L >ifmMiB\&e> 
[0 6] meo^zMMmizmzA't y? L >ifmmmi&<D 

[0 7] f&7 <Dg£mMm\Z%Z7s'( y^>tfmm®&<D 

[08] m8a)*ffi^sgtr^^x-r ^^>^m^iHiK^ 

^^^-T0 

[09] m9<Dnmmmiz%2>7,'>( yT>#mmm&<» 
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CLAIMS 



[Claim(s) ] 

[Claim 1] While the 1st switching circuit and input power are connected 
to a serial in the primary coil of Transformer T, and a series circuit 
with Inductor L, the 2nd switching circuit and the series circuit of 
Capacitor C are connected to juxtaposition in the primary coil of said 
transformer T, and a series circuit with said inductor L. In the 
switching power supply equipment with which the rectification smoothing 
circuit which contains a rectifying device Ds in the secondary coil of 
said transformer T was prepared The 1st switching circuit is constituted 
from a parallel connection circuit of the 1st switching device Ql, the 
1st diode Dl, and the 1st capacitor CI. The 2nd switching circuit is 
constituted from a parallel connection circuit of the 2nd switching 
device Q2, the 2nd diode D2, and the 2nd capacitor C2. Switching power 
supply equipment characterized by connecting Capacitor Cs to 
juxtaposition at the rectifying device Ds of said rectification 
smoothing circuit while preparing the switching control circuit which 
sandwiches the period when both switching devices of both turn off the 
lst-2nd switching device, and is turned on / turned off by turns. 
[Claim 2] While the 1st switching circuit and input power are connected 
to a serial in the primary coil of Transformer T, and a series circuit 
with Inductor L, the 2nd switching circuit and the series circuit of 
Capacitor C are connected to the primary coil, Inductor L, and input 
power of said transformer T at a serial. In the switching power supply 
equipment with which the rectification smoothing circuit which contains 
a rectifying device Ds in the secondary coil of said transformer T was 
prepared The 1st switching circuit is constituted from a parallel 
connection circuit of the 1st switching device Ql, the 1st diode Dl, and 
the 1st capacitor CI. The 2nd switching circuit is constituted from a 
parallel connection circuit of the 2nd switching device Q2, the 2nd 
diode D2, and the 2nd capacitor C2. Switching power supply equipment 



characterized by connecting Capacitor Cs to juxtaposition at the 
rectifying device Ds of said rectification smoothing circuit while 
preparing the switching control circuit which sandwiches the period when 
both switching devices of both turn off the lst~2nd switching device, 
and is turned on / turned off by turns. 

[Claim 3] It is switching power supply equipment according to claim 1 or 
2 which is that to which said switching control circuit inputs the 
electrical potential difference which carried out proportionally 
[ abbreviation ] into primary coil electrical potential differences 
generated in said two bias windings, respectively, and controls said the 
1st switching device Ql and said 2nd switching device Q2, respectively 
while preparing two bias windings in said transformer T, and self- 
oscillation is carried out. 

[Claim 4] Said switching control circuit is switching power supply 
equipment according to claim 1 or 2 which is the thing which inputs the 
electrical potential difference which carried out proportionally 
[ abbreviation ], and this electrical potential difference turns 
on/controls [ off ] said lst~2nd switching device Ql and Q2 by turns, 
and makes it carry out self-oscillation to primary coil electrical 
potential differences generated in one bias winding prepared in said 
transformer T according to the time of a forward electrical potential 
difference and a negative electrical potential difference. 
[Claim 5] It is switching power supply equipment given in either among 
claims 1-4 characterized by using said rectifying device Ds as the 
switching device switched with a control signal. 

[Claim 6] It is switching power supply equipment given in either among 
claims 1-5 characterized by having divided the primary coil of said 
transformer T or more into two, and connecting the split output edge of 
this primary coil, and one edge of said primary coil to either of said 
the 1st and 2nd switching circuit, respectively. 

[Claim 7] a primary coil other than said primary coil by which said 
input power is connected to a serial — said transformer T — preparing 
— this — the inside of claims 1-6 characterized by connecting said 2nd 
switching circuit to juxtaposition in the series circuit of an another 
primary coil and another Inductor L — switching power supply equipment 
given in either. 

[Claim 8] It is switching power supply equipment given in either among 
claims 1-7 characterized by using said transformer T as the inductance 
component combining all or a part of and [ of this transformer T / 
primary ], and secondary winding. 

[Claim 9] It is switching power supply equipment given in either among 



claims 1-8 characterized by using said switching device as a field 
effect transistor. 

[Claim 10] It is switching power supply equipment given in either among 
claims 1-9 characterized by constituting said inductor L by the leakage 
inductance of said transformer T. 

[Claim 11] It is switching power supply equipment given in either among 
claims 1-10 characterized by using parasitic capacitance of this diode 
as said capacitor Cs, using diode as said rectifying device. 
[Claim 12] It is switching power supply equipment given in either among 
claims 1-11 characterized by having prepared the two or more output 
sections of the secondary winding of said transformer T, and 
establishing a rectification smoothing circuit in the output section of 
each secondary winding. 

[Claim 13] It is switching power supply equipment given in either 
between the primary winding of said transformer T, between the secondary 
winding of said transformer T, or among claims 1-12 characterized by 
connecting a capacitor C3 to juxtaposition to the series circuit of said 
primary winding and said inductor L. 

[Claim 14] Said switching control circuit is switching power supply 
equipment given in either among claims 1-13 which make the 1st switching 
device Ql turn on after the both-ends electrical potential difference of 
said capacitor CI falls to a zero electrical potential difference or 
near a zero electrical potential difference. 

[Claim 15] Said switching control circuit is switching power supply 
equipment given in either among claims 1-14 which make the 2nd switching 
device Q2 turn on after the both-ends electrical potential difference of 
said capacitor C2 falls to a zero electrical potential difference or 
near a zero electrical potential difference. 

[Claim 16] Said switching control circuit is switching power supply 
equipment given in either among claims 1-15 which the current which 
flows to said 2nd switching device Q2 makes turn off zero or near zero. 
[Claim 17] It be switching power supply equipment given in either among 
claims 1-16 characterize by defining the value of said Capacitor C and 
said inductor L , and the "on" period of the 2nd switching device by 
said switching control circuit so that it may become zero current again 
and may become the wave which carry out a turn-off , after reaching the 
peak point that the current wave form where it flow to said rectifying 
device Ds start from near zero , and the rate of change of a current 
serve as zero . 

[Claim 18] Said capacitor Cs is switching power supply equipment given 
in either among claims 1-17 characterized by setting up the capacity 



value of the capacitor Cs concerned so that it resonates with the 
secondary winding of said transformer T, and the both-ends voltage 
waveform of said capacitor Cs may form some waves of a sinusoidal form 
and may start from a zero electrical potential difference at the time of 
OFF of said switching devices Ql or Q2, or so that it may fall toward a 
zero electrical potential difference. 

[Claim 19] Said switching control circuit is switching power supply 
equipment given in either among claims 1-18 which are those to which the 
ON time amount of said 2nd switching device Q2 is changed so that the 
amount of excitation to the hard flow of a transformer may turn into 
zero or a predetermined constant rate according to the magnitude of the 
load connected to the output of said rectification smoothing circuit, 
while changing the ON time amount of said 1st switching device Ql and 
performing armature-voltage control of the output of said rectification 
smoothing circuit. 

[Claim 20] Said switching control circuit is switching power supply 
equipment given in either among claims 1-18 which are what performs 
armature-voltage control of the output of said rectification smoothing 
circuit by changing the rate of the amount of excitation to the hard 
flow to the ON time amount of said 1st switching device Ql, and the 
amount of excitation to the forward direction of said transformer T 
according to the magnitude of the load connected to the output of said 
rectification smoothing circuit. 

[Claim 21] Said switching control circuit is switching power supply 
equipment given in either among claims 1-18 which are what makes 
regularity mostly ON time amount of said 2nd switching device Q2 while 
performing armature-voltage control of the output of said rectification 
smoothing circuit by making it change according to the magnitude of the 
load by which the rate of the amount of excitation to the hard flow to 
the amount of excitation to the forward direction of said transformer T 
is connected to the output of said rectification smoothing circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the switching power 
supply equipment which supplies a direct-current regulated power supply. 
[0002] 

[Description of the Prior Art] Conventionally, as for the switching 
power supply equipment built into electronic equipment, low loss-ization, 
i.e., eff icient-izing, is required with a miniaturization with the 
miniaturization of electronic equipment. 

[0003] As switching power supply equipment which can be comparatively 
constituted from small components mark in low cost, RCC (ringing choke 
converter) as conventionally shown in JP, 63-100993, U is used. 
[0004] Drawing 26 is drawing showing the example of the switching power 
supply equipment of the conventional RCC method. In this drawing, T is a 
transformer and has connected a switching device Ql and input power E to 
the primary coil Tl at the serial. The rectification smoothing circuit 
which consists of rectifier diode Ds and a smoothing capacitor Co is 
established in the secondary coil T2 of Transformer T. A load is 
connected to this rectification smooth output section, and a detector 
detects load supply voltage. The control circuit which controls a 
switching device Ql according to the electrical potential difference 
produced in the bias-winding T3 is established in bias-winding T3 of 
Transformer T. This control circuit attains stabilization of output 
voltage by controlling the ON time amount of a switching device Ql 
according to the detection electrical potential difference of a detector 
through an insulating circuit while carrying out self-oscillation of the 
switching device Ql. 

[0005] Drawing 27 is the wave form chart of each part shown in drawing 
26 . Since the current idl which flows to Ql is turned off in the high 
condition, on the both-ends electrical potential difference Vdsl of a 
switching device Ql, an electrical-potential-difference surge as shown 
in this drawing arises, and a switching device Ql appears also in the 
current is to which this flows to a rectifying device Ds. 
[0006] 

[Problem (s) to be Solved by the Invention] Generally in the switching 



power supply equipment of the conventional RCC method, the following 
problems are pointed out. 

[0007] ** Since a switching frequency is sharply changed according to 
the output current, the interference to electronic equipment and 
generating of an EMI noise pose a problem. 

[0008] ** Switching loss is large. (The product of Vdsl and idl at the 
time of the turn-on of Ql in drawing 27 and a turn-off serves as 
switching loss. ) 

** The energy loss by the bad influence of the leakage inductance of a 
transformer is large. 

[0009] ** Since an electrical-potential-difference surge occurs at the 
time of OFF of a switching device as shown in drawing 27 , the high 
pressure resistance of a switching device is required. 
[0010] ** Since an electrical-potential-difference surge occurs at the 
time of OFF of secondary rectifier diode, the high pressure resistance 
of secondary rectifier diode is required. 

[0011] ** The reverse recovery loss of secondary rectifier diode arises. 
[0012] ** The EMI noise by the switching surge of a switching device and 
secondary rectifier diode is large. 

[0013] On the other hand, in order to make small fluctuation of the 
switching frequency especially by fluctuation of the output current and 
to solve the problem of an EMI noise, generally the switching power 
supply equipment of a separate excitation mold flyback method is used. 
By the separate excitation mold flyback method, it has the description 
that the switching frequency control of a switching transistor and pulse 
width control are easy. 

[0014] However, since the separate excitation oscillator circuit for 
controlling a switching transistor by the separate excitation flyback 
method is needed, a miniaturization like a RCC method and low-cost-izing 
are difficult. 

[0015] Moreover, the switching power supply equipment of a regenerative- 
control mold is shown in JP, 5-191972, A as what controls fluctuation of a 
switching frequency, and generating of an electrical-potential- 
difference surge. By preparing two switching means in a circuit and 
changing ON / off ratio of these two switching means, this regenerative- 
control type of switching power supply was made to control output 
voltage, performed regeneration actuation of energy, and has controlled 
change of the switching frequency accompanying fluctuation of the output 
current. However, although such switching power supply equipment of a 
regenerative-control mold has the advantage in which change of the 
switching frequency accompanying fluctuation of the output current is 



controlled, as a result of regeneration actuation, the flux reversal 
width of face of a transformer is not concerned with the output current, 
but becomes almost fixed. For this reason, since the switching loss at 
the time of a turn-off became large at the time of a light load since 
the peak value of the primary current in front of a turn-off is large, 
and it became loss of a transformer becomes large and large, since the 
flux reversal width of face of a transformer is max flow losing the 
switching power supply equipment of a regenerative-control mold further 
according to a regeneration current as compared with the switching power 
supply of the conventional RCC method, it had the problem that the power 
conversion effectiveness at the time of a light load was low. Moreover, 
there was a problem that the current peak value which flows to a 
secondary rectifying device is large, and the flow loss in a secondary 
was also large since the effective current of a secondary rectifying 
device is large. 

[0016] The purpose of this invention is to solve each problem which the 
switching power supply equipment of a RCC method, the switching power 
supply equipment of a separate excitation flyback method, and the 
switching power supply equipment of a regenerative-control mold 
mentioned above, and offer the switching power supply equipment of 
efficient, a low noise, small lightweight, and low cost. 
[0017] 

[Means for Solving the Problem] The switching power supply equipment 
concerning claim 1 of this invention While the 1st switching circuit and 
input power are connected to a serial in the primary coil of Transformer 
T, and a series circuit with Inductor L, the 2nd switching circuit and 
the series circuit of Capacitor C are connected to juxtaposition in the 
primary coil of said transformer T, and a series circuit with said 
inductor L. In that in which the rectification smoothing circuit which 
contains a rectifying device Ds in the secondary coil of said 
transformer T was established The 1st switching circuit is constituted 
from a parallel connection circuit of the 1st switching device Ql, the 
1st diode Dl, and the 1st capacitor CI. The 2nd switching circuit is 
constituted from a parallel connection circuit of the 2nd switching 
device Q2, the 2nd diode D2, and the 2nd capacitor C2. While preparing 
the switching control circuit which sandwiches the period when both 
switching devices of both turn off the lst-2nd switching device, and is 
turned on / turned off by turns, Capacitor Cs is connected to the 
rectifying device Ds of said rectification smoothing circuit at 
juxtaposition. 

[0018] Moreover, the switching power supply equipment concerning claim 2 




While the 1st switching circuit and input power are connected to a 
serial in the primary coil of Transformer T, and a series circuit with 
Inductor L, the 2nd switching circuit and the series circuit of 
Capacitor C are connected to the primary coil, Inductor L, and input 
power of said transformer at a serial. In that in which the 
rectification smoothing circuit which contains a rectifying device Ds in 
the secondary coil of said transformer T was established The 1st 
switching circuit is constituted from a parallel connection circuit of 
the 1st switching device Ql, the 1st diode Dl, and the 1st capacitor CL 
The 2nd switching circuit is constituted from a parallel connection 
circuit of the 2nd switching device Q2, the 2nd diode D2, and the 2nd 
capacitor C2. While preparing the switching control circuit which 
sandwiches the period when both switching devices of both turn off the 
lst~2nd switching device, and is turned on / turned off by turns, 
Capacitor Cs is connected to the rectifying device Ds of said 
rectification smoothing circuit at juxtaposition. 
[0019] The following operation effectiveness is done so by this 
configuration. 

[0020] ** The turn-on of the switching devices Ql and Q2 is carried out 
on a zero electrical potential difference, and in order to carry out the 
turn-off of the switching device Q2 near zero current, switching loss is 
reduced sharply. 

[0021] ** The turn-on of the rectifying device Ds of a secondary is 
carried out by zero current, and the current wave form recovers from 
zero current comparatively steeply, the current wave form where it flows 
to a rectifying device since it becomes the wave which serves as zero 
current again and carries out a turn-off after reaching the peak point 
that the rate of change of a current serves as zero turns into a near 
wave by the square wave, a peak current value is held down low, an 
effective current value is reduced, and flow loss is reduced. 
[0022] While the switching power supply equipment concerning claim 3 
prepares two bias windings in said transformer T, said switching control 
circuit inputs the electrical potential difference which carried out 
proportionally [ abbreviation ] into primary coil electrical potential 
differences generated in said two bias windings, respectively, controls 
said the 1st switching device Ql and said 2nd switching device Q2, 
respectively, and carries out self-oscillation. 

[0023] Thus, by using two bias windings, two switching devices Ql and Q2 
from which a grand level differs can be insulated and driven, and since 
it is not necessary to insulate using a pulse transformer, a photo 
coupler, etc. , low cost~ization can be attained. Moreover, a switching 



device Q2 can be easily driven synchronizing with a switching device Ql 
by using the voltage waveform mostly proportional to primary coil 
electrical potential differences of Transformer T. Moreover, the period 
when both the switching devices Ql and Q2 of both become off can be 
established easily, and destruction by coincidence ON of two switching 
devices Ql and Q2 can be prevented. Furthermore, since it is not 
necessary to use IC for carrying out switching control of the switching 
devices Ql and Q2 by separate excitation oscillation, a switching 
control circuit is not complicated but low cost-ization can be attained 
to the whole. 

[0024] The switching power supply equipment concerning claim 4 inputs 
the electrical potential difference which carried out proportionally 
[ abbreviation ], and this electrical potential difference turns 
on/controls [ off ] said lst-2nd switching device Ql and Q2 by turns, 
and makes it it carry out self-oscillation to primary coil electrical 
potential differences generated in one bias winding prepared in said 
transformer T according to the time of a forward electrical potential 
difference and a negative electrical potential difference. 
[0025] According to this configuration, in order to only use one bias 
winding, a transformer [ that it is small and low cost ] will be used, 
and switching power supply equipment [ that it is small and low cost ] 
is obtained by the whole. 

[0026] The switching power supply equipment concerning claim 5 uses said 
rectifying device Ds as the switching device switched with a control 
signal. Since generating of an electrical-potential-difference surge is 
controlled according to invention according to claim 1 to 4, it can 
become possible to use the switching device of low pressure-proofing as 
said rectifying device Ds, consequently on resistance of a switching 
device can be made low, and flow loss in a secondary rectifier circuit 
can be reduced by that. Moreover, when a field effect transistor is used 
as a switching device, it can use a parasitism capacitor as Capacitor Cs 
by the ability using parasitism diode as Diode Ds, it can use, 
respectively, and components mark can be reduced. 

[0027] The switching power supply equipment concerning claim 6 divides 
the primary coil of said transformer T or more into two, and connects 
the split output edge of this primary coil, and one edge of said primary 
coil to either of said the 1st and 2nd switching circuit, respectively. 
[0028] Since the applied voltage to switching devices Ql and Q2 is 
determined by the split ratio of the primary coil of a transformer, 
design range, such as pressure-proofing required of switching devices Ql 
and Q2 by setup of the above-mentioned split ratio, is expanded. 



[0029] a primary coil with the switching power supply equipment other 
than said primary coil by which said input power is connected to a 
serial concerning claim 7 — said transformer T — preparing — this — 
said 2nd switching circuit is connected to juxtaposition in the series 
circuit of an another primary coil and another Inductor L. 
[0030] By this configuration, since the applied voltage to two switching 
devices Ql and Q2 is determined by the turn ratio with the primary coil 
which formed independently the primary coil connected to a serial at 
input power, and this primary coil, the pressure-proofing required of Ql 
and Q2 by the design of the above-mentioned turn ratio can be defined, 
and the design range can be expanded. 

[0031] The switching power supply equipment concerning claim 8 uses said 
transformer T as the inductance component combining all or a part of and 
[ of this transformer T / primary ], and secondary winding. It can 
become switching power supply equipment of a non-insulating mold by this, 
a small inductance component can be used, a miniaturization can be 
attained to the whole, and the conversion loss accompanying 
electromagnetic-energy conversion is also reduced, and eff icient-ization 
can be attained to the whole. 

[0032] The switching power supply equipment concerning claim 9 uses said 
switching device as a field effect transistor. A parasitism capacitor 
can be used as capacitors CI or C2 by this by the ability using 
parasitism diode of a field effect transistor as diodes Dl or D2, and 
components mark can be reduced. 

[0033] The switching power supply equipment concerning claim 10 
constitutes said inductor L by the leakage inductance of said 
transformer T. Thereby, components mark are not only reduced, but since 
Inductor L is used for resonance actuation of energy, it can reduce the 
energy loss by the leakage inductance of a transformer. 
[0034] The switching power supply equipment concerning claim 11 uses 
parasitic capacitance of this diode as said capacitor Cs, using diode as 
said rectifying device. Components mark are reduced by this 
configuration and small low cost-ization can be attained. 
[0035] The switching power supply equipment concerning claim 12 forms 
two or more secondary coils of a transformer, and establishes a 
rectification smoothing circuit in the output section of a each 
secondary coil, respectively. Thereby, the switching power supply 
equipment of many outputs is constituted. Although the output which 
direct feedback requires among these outputs turns into a stable output 
and other outputs turn into a metastable output, since the energy 
accumulated in Inductor L is revived, the electrical-potential- 



difference stabilization characteristics by the load effect are improved 
also about a metastable output. 

[0036] The switching power supply equipment concerning claim 13 connects 
a capacitor C3 to juxtaposition between the primary winding of said 
transformer T, between the secondary winding of said transformer T, or 
to the series circuit of said primary winding and said inductor L. The 
capacitor which this connected to juxtaposition to the series circuit of 
the capacitor connected between the primary coils of a transformer or 
primary winding, and said inductor L Acting on the capacitor CI and the 
2nd switching element Q2 by which parallel connection was carried out to 
the 1st switching device Ql like the capacitor C2 connected to 
juxtaposition, the capacitor connected between the secondary coils of a 
transformer acts like the capacitor Cs by which parallel connection was 
carried out to the rectifying device Ds. Therefore, the resonance 
conditions in a primary transformer side or a secondary can be defined. 
[0037] Said switching control circuit makes the 1st switching device Ql 
turn on with the switching power supply equipment concerning claim 14, 
after the both-ends electrical potential difference of said capacitor CI 
falls to a zero electrical potential difference or near a zero 
electrical potential difference. Moreover, said switching control 
circuit makes the 2nd switching device Q2 turn on with the switching 
power supply equipment concerning claim 15, after the both-ends 
electrical potential difference of said capacitor C2 falls to a zero 
electrical potential difference or near a zero electrical potential 
difference. 

[0038] Switching devices Ql or Q2 carry out zero electrical-potential- 
difference turn-on actuation by this configuration, and the switching 
loss at the time of a turn-on is reduced. 

[0039] With the switching power supply equipment concerning claim 16, 
said switching control circuit defines the "on" period of the 2nd 
switching device so that the current which flows to said 2nd switching 
device Q2 may turn off zero or near zero. Since the current which flows 
to the 2nd switching device Q2 is the sum of the current which flows to 
a rectifying device Ds, and the exciting current which flows to the 
equivalent excitation inductance of a transformer, the current wave form 
where it flows to a rectifying device Ds starts from near zero, and 
after it reaches the peak point that the rate of change of a current 
serves as zero, it defines the "on" period of the 2nd switching device 
by said switching control circuit so that it may become zero current 
again and may become the wave which carries out a turn-off. Thereby, a 
switching device Q2 carries out about 0 current turn-off actuation, and 



the switching loss at the time of a turn-off is reduced. 
[0040] The current wave form where it flows to said rectifying device Ds 
starts from near zero, and after reaching the peak point that the rate 
of change of a current serves as zero, the switching power supply 
equipment concerning claim 17 defines the "on" period of the 2nd 
switching device by said switching control circuit according to the 
resonance conditions of Inductor L and Capacitor C so that it may become 
zero current again and may become the wave which carries out a turn-off. 
In order not to accompany the current which flows to a rectifying device 
Ds by this by the abrupt change, switching loss and reverse recovery 
loss are reduced. Moreover, when a peak current value becomes small, 
effective current is reduced and flow loss is reduced. 
[0041] With the switching power supply equipment concerning claim 18, 
said capacitor Cs sets up the capacity value of the capacitor Cs 
concerned so that it resonates with the secondary winding of said 
transformer T, and the both-ends voltage waveform of said capacitor Cs 
may form some waves of a sinusoidal form and may start from a zero 
electrical potential difference at the time of OFF of said switching 
devices Ql or Q2, or so that it may fall toward a zero electrical 
potential difference. This is not accompanied by change with the steep 
both-ends electrical potential difference of Capacitor Cs, but the 
switching loss and reverse recovery loss of a rectifying device Ds are 
reduced. 

[0042] With the switching power supply equipment concerning claim 19, 
said switching control circuit changes the ON time amount of said 2nd 
switching device Q2 so that the amount of excitation to the hard flow of 
a transformer may turn into zero or a predetermined constant rate 
according to the magnitude of the load connected to the output of said 
rectification smoothing circuit, while it changes the ON time amount of 
said 1st switching device Ql and performs armature-voltage control of 
the output of said rectification smoothing circuit. Thereby, when the 
amount of excitation to the hard flow of a transformer is made into the 
necessary minimum amount for zero electrical-potential-difference 
switching, most "on" periods of the 1st diode Dl can be lost, flow loss 
can be made for there almost to be nothing, flow loss of switching 
devices Ql and Q2, diode D2, Transformer T, etc. can be reduced, and it 
can be made to operate efficient from a light load to heavy loading. 
[0043] With the switching power supply equipment concerning claim 20, 
said switching control circuit performs armature-voltage control of the 
output of said rectification smoothing circuit by changing the rate of 
the amount of excitation to the hard flow to the ON time amount of said 



1st switching device Ql, and the amount of excitation to the forward 
direction of said transformer T according to the magnitude of the load 
connected to the output of said rectification smoothing circuit. 
Shortening of the ON time amount of the 1st switching element Ql at the 
time of a light load can be controlled by this, and the change width of 
face of a switching frequency can become small relatively, and it can be 
made to operate efficient from a light load to heavy loading. 
[0044] With the switching power supply equipment concerning claim 21, 
said switching control circuit fixes mostly ON time amount of said 2nd 
switching device Q2 while performing armature-voltage control of the 
output of said rectification smoothing circuit by making it change 
according to the magnitude of the load by which the rate of the amount 
of excitation to the hard flow to the amount of excitation to the 
forward direction of said transformer T is connected to the output of 
said rectification smoothing circuit. The on-off period of Q2 becomes 
almost fixed by this, a switching frequency can be kept almost constant, 
and it can apply now to the power circuit where the range of fluctuation 
of a switching frequency was restrained. 
[0045] 

[Embodiment of the Invention] Drawing 1 is drawing showing the 
configuration of the switching power supply circuit concerning the 1st 
operation gestalt. While T is a transformer and connecting the 1st 
switching circuit SI and input power E in this drawing in the series 
circuit of the primary coil Tl and Inductor L at a serial, the 2nd 
switching circuit S2 and a series circuit with Capacitor C are connected 
to juxtaposition to the series circuit of the primary coil Tl and 
Inductor L. The rectification smoothing circuit which consists of 
rectifier diode Ds and a smoothing capacitor Co is established in the 
secondary coil T2 of Transformer T. 

[0046] In drawing 1 , the 1st switching circuit SI is constituted from a 
parallel connection circuit of the 1st switching device Ql, the 1st 
diode Dl, and the 1st capacitor CI, and constitutes the 2nd switching 
circuit S2 from a parallel connection circuit of the 2nd switching 
device Q2, the 2nd diode D2, and the 2nd capacitor C2. Two bias-winding 
T3 and T four were prepared in Transformer T, and the control circuits 
11 and 12 which control switching devices Ql and Q2 are connected to 
bias-winding T3 and T four, respectively. Moreover, Capacitor Cs is 
connected to the rectifier diode Ds of a secondary at juxtaposition. A 
detector 14 detects the output current Io if needed [ the output voltage 
Vo and if needed ] which are supplied to a load. Although self- 
oscillation of the control circuit 11 is carried out by inputting the 



generated- voltage of bias-winding T3 and applying positive feedback to a 
switching device Ql, the detecting signal of a detector 14 is inputted 
through an insulating circuit if needed, and the ON time amount of Ql is 
controlled by controlling the off timing of the 1st switching device Ql 
according to a difference with reference voltage. A control circuit 12 
inputs the generated voltage of bias-winding T four, and controls the ON 
time amount of Q2 by controlling the off timing of a switching device Q2. 
This control circuit 12 inputs the detecting signal of a detector 14 if 
needed, and controls the ON time amount of the 2nd switching device Q2. 
This ON time control of Ql and Q2 is explained in full detail behind. 
[0047] Both the above-mentioned control circuits 11 and 12 are 
controlled to insert the period which Ql and Q2 turn off, and to be 
turned on/turned off by turns. According to this configuration, since it 
is not necessary to use an IC for switching control like a separate 
excitation oscillation mold flyback converter, for example, the 
configuration of control circuits 11 and 12 is attained in an easy 
circuit. 

[0048] In addition, Inductor L expresses the leakage inductance of 
Transformer T as a circuit top component. However, in order to make 
resonance frequency (period) of the inductor L with Capacitor C into a 
predetermined value, Transformer T may carry out series connection of 
the inductor to the primary coil of a transformer independently. 
[0049] Drawing 22 is the wave form chart of each part of a circuit shown 
in drawing 1 . Hereafter, actuation of a circuit is explained with 
reference to drawing 1 and drawing 22 . In drawing 22 , the both-ends 
voltage waveform signal of Capacitors CI, C2, and Cs, and idl, id2 and 
is of the signal with which Ql and Q2 express turning on and off of 
switching devices Ql and Q2, and Vdsl, Vds2 and Vs are switching 
circuits SI and S2 and the current wave form signal of a rectifying 
device Ds, respectively. 

[0050] It sets to 1 switching period Ts, and actuation of this circuit 
is time amount tl~t6. It can divide into five operating state. The 
actuation in each condition is shown below. 

[0051] <Condition 1> tl - the t2 switching device Ql are turned on, 
input voltage is impressed to the primary winding of Transformer T, the 
primary winding current of Transformer T increases linearly, and 
excitation energy is stored in Transformer T. If a switching device Ql 
carries out a turn-off by time amount t2, it will change in the 
condition 2. 

[0052] <Condition 2> If t2 - the t3 switching device Ql carry out a 
turn-off, the primary winding and Inductor L of Transformer T will 




resonate with capacitors CI and C2, will charge a capacitor CI, and will 
discharge a capacitor C2. Moreover, in a secondary, the secondary 
winding and Capacitor Cs of Transformer T resonate, and Capacitor Cs is 
discharged. The curve of the standup part of Vdsl is a part of sine wave 
by resonance with the inductor of CI, L, and the primary coil TL About 
90 degrees of falling parts of idl are the wave of the phase progress to 
Vdsl. 

[0053] If the both-ends electrical potential difference Vds2 of a 
capacitor C2 descends and it becomes a zero electrical potential 
difference, diode D2 will flow and the turn-on of the switching device 
Q2 will be carried out. Zero electrical-potential-difference switching 
operation is carried out by this, and it changes in the condition 3. The 
curve of the falling part of Vds2 is a part of sine wave by resonance 
with the inductor of C2, L, and the primary coil Tl. About 90 degrees of 
falling parts of id2 are the wave of the phase progress to Vds2. At this 
time, by the secondary, the both-ends electrical potential difference Vs 
of Capacitor Cs descends to a zero electrical potential difference, a 
rectifying device Ds flows, and it becomes zero electrical-potential- 
difference turn-on actuation. The curve of this falling part of Vs is a 
part of sine wave by resonance with Cs and the inductor of the secondary 
coil T2. Moreover, the broken-line part of is expresses the current 
which flows through Cs, when a rectifying device Ds is still an OFF 
state. 

[0054] <Condition 3> In the t3 - t4 condition 3, diode D2 or a switching 
device Q2 flows, and Inductor L and Capacitor C begin resonance. At this 
time, by the secondary, a rectifying device Ds flows, emits the 1 
excitation energy stored in Transformer T from secondary winding, and is 
outputted through a rectification smoothing circuit. Since the current 
is which flows to a rectifying device Ds at this time serves as the 
value and analog which lengthened the exciting current im which 
decreases linearly to the resonance current id2 by the inductor L by the 
side of primary, and Capacitor C, it recovers from zero current and 
serves as a wave which has a sine wave-like curve. Therefore, this 
current is descends toward zero current, after current rate of change 
reaches the peak point used as zero. If the relation to im= id2 of the 
exciting current im and current id2 of a transformer becomes by time 
amount t4 and the secondary current is is set to 0, a turn-off will be 
carried out, zero current turn-off actuation of a rectifying device Ds 
will be realized, and a rectifying device Ds will end a condition 3. 
[0055] <Condition 4> If t4 - t5 rectifying device Ds turns off, in a 
primary side, resonance with Capacitor C and Inductor L will be 
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completed, only an exciting current im will flow by discharge of 
Capacitor C, and a condition 1 will excite Transformer T to hard flow. 
The current id2 which lasts to t5 from t4 and which goes up linearly is 
the exciting current im. 

[0056] <Condition 5> If a switching device Q2 carries out a turn-off by 
t5-t6t5, the primary winding and Inductor L of Transformer T will 
resonate with capacitors CI and C2, will discharge a capacitor CI, and 
will charge a capacitor C2. Moreover, in a secondary, the secondary 
winding and Capacitor Cs of Transformer T resonate, and Capacitor Cs is 
charged. 

[0057] If the both-ends electrical potential difference Vdsl of a 
capacitor CI descends and it becomes a zero electrical potential 
difference, diode Dl will flow. At this time, the turn-on of the 
switching device Ql is carried out by t6, zero electrical-potential- 
difference switching operation is realized, and a condition 5 is 
completed. At this time, by the secondary, the both-ends electrical 
potential difference Vs of Capacitor Cs rises from a zero electrical 
potential difference, and is clamped by the electrical potential 
difference of the sum of secondary coil electrical potential differences 
and output voltage. 

[0058] The above actuation is performed per 1 switching period, and the 
following switching period also performs same actuation and repeats this 
actuation henceforth. According to the switching power supply circuit 
mentioned above, the turn-on of the switching devices Ql and Q2 is 
carried out on a zero electrical potential difference, and in order to 
carry out the turn-off of the switching device Q2 near zero current, 
switching loss is reduced sharply. Moreover, the turn-on of the 
rectifying device Ds of a secondary is carried out by zero current, and 
the current wave form recovers from zero current comparatively steeply, 
the current wave form where it flows to a rectifying device since it 
becomes the wave which serves as zero current again and carries out a 
turn-off after reaching the peak point that the rate of change of a 
current serves as zero becomes square wave-like, a peak current value is 
held down low, an effective current value is reduced, and flow loss is 
reduced. 

[0059] Drawing 2 is drawing showing the configuration of the switching 
power supply circuit concerning the 2nd operation gestalt. Here, the 2nd 
switching circuit S2 and a series circuit with Capacitor C are connected 
to a serial to the primary coil Tl of a transformer, Inductor L, and 
input power E. If it compares with the circuit shown in drawing 1 , it 
becomes the configuration that input power E was further connected to 



the serial to the primary coil Tl of a transformer, Inductor L, the 2nd 
switching circuit S2, and the series circuit of Capacitor C, the current 
id2 which flows to the 2nd switching circuit only comes to flow through 
input power, and the other operation effectiveness is the same as that 
of what was shown in drawing 1 so that clearly. 

[0060] Drawing 3 is drawing showing the configuration of the switching 
power supply circuit concerning the 3rd operation gestalt. In this 
switching power supply circuit, using bias-winding T3 of Transformer T 
in common, it constitutes so that control circuits 11 and 12 may control 
switching devices Ql and Q2, respectively. That is, input the electrical 
potential difference of bias-winding T3 which generates the electrical 
potential difference which carried out proportionally [ abbreviation ] 
on the electrical potential difference of the primary coil Tl, when the 
electrical potential difference is for example, a forward electrical 
potential difference, Ql is made to turn on, and Q2 is made to turn on 
when the generated voltage of bias-winding T3 is a negative electrical 
potential difference. Actuation which Ql and Q2 turned on / turned off 
by turns by self-oscillation, and was shown in drawing 22 by this is 
performed. According to this circuit, there is no condition that both Ql 
and Q2 turn on, it will be turned on/turned off by turns automatically, 
and the configuration of control circuits 11 and 12 becomes easy. And 
the transformer which prepared one bias winding can be used and 
miniaturization and low cost-ization can be attained. 
[0061] Drawing 4 is drawing showing the configuration of the switching 
power supply circuit concerning the 4th operation gestalt. This connects 
to a serial the 2nd switching circuit S2 shown in drawing 3 , and a 
series circuit with Capacitor C to the primary coil Tl of a transformer, 
Inductor L, and input power E. Therefore, circuit actuation is the same 
as that of the case of drawing 3 , 

[0062] Drawing 5 is drawing showing the configuration of the switching 
power supply circuit concerning the 5th operation gestalt. This circuit 
connects each end of bias-winding T3, the 1st switching circuit SI, and 
the 2nd switching circuit S2 in common. According to this configuration, 
control circuits 11 and 12 can be controlled now on the basis of 
potential common to the above, and become easy [ the circuitry of 
control circuits 11 and 12 ]. 

[0063] Drawing 6 and drawing 20 are drawings showing the configuration 
of the switching power supply circuit concerning the 6th operation 
gestalt. A control circuit 15 turns on/controls [ off ] a switching 
device Q3 by this example according to the generated voltage of the 
secondary coil T2 of a transformer, using a switching device Q3 as a 
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rectifying device of a secondary. It detects synchronously by this 
circuit. Although drawing 6 is generally expressed, if MOS-FET is used 
as a rectifying device Q3 in drawing 6 as shown in drawing 20 , flow 
loss will become small, and the loss in a rectifier circuit is reduced. 
In drawing 20 , Ds is the parasitism diode of MOS-FET and Cs is the 
parasitic capacitance. 

[0064] Drawing 7 and drawing 21 are drawings showing the configuration 
of the switching power supply circuit concerning the 7th operation 
gestalt. A control circuit 15 inputs the electrical potential difference 
which carried out proportionally [ abbreviation ] into primary coil 
electrical potential differences generated in the bias winding T5 of 
Transformer T, and he is trying to control a switching device Q3 by this 
example. In addition, in this example, the 2nd switching circuit S2 and 
a series circuit with Capacitor C are connected to a serial to the 
primary coil Tl of a transformer, Inductor L, and input power E. 
Although drawing 7 is generally expressed, if MOS-FET is used as a 
rectifying device Q3 in drawing 7 as shown in drawing 21 , flow loss 
will become small, and the loss in a rectifier circuit is reduced. In 
drawing 2121 , Ds is the parasitism diode of MOS-FET and Cs is the 
parasitic capacitance. 

[0065] Drawing 8 is drawing showing the configuration of the switching 
power supply circuit concerning the 8th operation gestalt. This circuit 
was divided into two parts which show the primary coil Tl of Transformer 
T with number of turns Nl and N2, connected that split output to one 
edge of a switching circuit S2, and has connected the edge of the 
primary coil Tl to the edge of a switching circuit SI. When the 
electrical potential difference of input power E is set to Vin and the 
number of turns of Vo and the secondary coil T2 are set to Ns for output 
voltage here, the both-ends electrical potential difference of a 
switching circuit SI is expressed with Vin+ (Vo/Ns) (N1+N2), and the 
both-ends electrical potential difference of a switching circuit S2 is 
expressed with Vo-Nl/Ns+Vin-Nl/(Nl+N2) . 

[0066] Therefore, the electrical potential difference impressed to 
switching circuits SI and S2 changes by changing the number of turns of 
the above Nl and N2. The switching device of low pressure-proofing can 
be used for a switching device Q2, so that it follows, for example, Nl 
is made small, when N1+N2 is fixed. 

[0067] Drawing 9 is drawing showing the configuration of the switching 
power supply circuit concerning the 9th operation gestalt. This circuit 
has connected the 2nd switching circuit S2 and a series circuit with 
Capacitor C to a primary coil, Inductor L, and input power E at the 



serial. The operation effectiveness is the same as that of the case of 
drawing 8 . 

[0068] Drawing 10 is drawing showing the configuration of the switching 
power supply circuit concerning the 10th operation gestalt. In this 
example, the dividing point of the primary coil Tl was connected to the 
one side edge of the 1st switching circuit SI, and the edge of the 
primary coil Tl is connected to the edge of the 2nd switching circuit S2. 
In this case, the both-ends electrical potential difference of SI serves 
as Vin+Vo-Nl/Ns, and the electrical potential difference of switching 
circuit S2 both ends is set to Vo (Nl+N2)/Ns+Vin- (N1+N2) / Nl. Therefore, 
the thing of low pressure-proofing can be used as the 1st switching 
device Ql, so that fixed, then Nl are made small for N1+N2. 
[0069] Drawing 11 is drawing showing the configuration of the switching 
power supply circuit concerning the 11th operation gestalt. The 
switching circuit S2 and the series circuit with Capacitor C are made to 
be connected to a serial with the primary coil Tl of a transformer, 
Inductor L, and input power E. The operation effectiveness is the same 
as that of what was shown in drawing 10 . 

[0070] Drawing 12 is drawing showing the configuration of the switching 
power supply circuit concerning the 12th operation gestalt. In this 
circuit, primary coil Tl' different from the primary coil Tl was 
prepared in Transformer T, and the 2nd switching circuit 2 and Capacitor 
C are connected to a serial to primary coil Tl' of **, and Inductor L. 
Ns, then the both-ends electrical potential difference of a switching 
circuit SI are [ number of turns / of the primary coil Tl ] Vin+Vo- 
Nl/Ns+Vin-N2/Nl about the number of turns of the 2 or secondary N coil 
T2 in the number of turns of Nl and other primary coil IT, and the 
both-ends electrical potential difference of a switching circuit S2 is 
Vo~N2/Ns. Therefore, the applied voltage to switching devices Ql and Q2 
is changeable by setting up the turn ratio of the primary coil Tl and 
Tl'. 

[0071] Drawing 13 is drawing showing the configuration of the switching 
power supply circuit concerning the 13th operation gestalt. Here, the 
secondary is directly linked the primary side as a transformer T, using 
coil Tl part as an inductor, constituting the switching power supply 
circuit of a non-insulating mold in this way in the case of a switching 
power supply circuit without the need of insulating a secondary a 
primary side — a small transformer (inductor) — it can use — moreover, 
electromagnetism — since conversion efficiency also increases, a small 
and efficient switching power supply circuit is obtained by the whole. 
[0072] Drawing 14 is drawing showing the configuration of the switching 



power supply circuit concerning the 14th operation gestalt. In this 
example, the 2nd switching circuit S2 and a series circuit with 
Capacitor C are established in the location connected to a serial to the 
inductor, Inductor L, and input power E which are shown by Tl. The 
operation effectiveness of this circuit is the same as that of the case 
of drawing 13 . 

[0073] Drawing 15 is drawing showing the configuration of the switching 
power supply circuit concerning the 15th operation gestalt. Control 
circuits 11 and 12 turn on/control [ off ] them by this example by 
controlling the electrical potential difference between the source-gates 
of Ql and Q2, respectively, using MOS-FET as switching devices Ql and Q2. 
In this case, the parasitism diode of MOS-FET can be used as it is, and, 
as for diodes Dl and D2, capacitors CI and C2 can also use the parasitic 
capacitance of MOS-FET. Moreover, in order to increase the electrostatic 
capacity of capacitors CI and C2, the capacitor as another components 
may be connected to juxtaposition. The parasitic capacitance of 
rectifier diode Ds may be used as it is also about the capacitor Cs 
which carried out parallel connection to the rectifier diode Ds of a 
secondary, and since electrostatic capacity is increased, another 
capacitor may be connected to juxtaposition. 

[0074] Drawing 16 is drawing showing the configuration of the switching 
power supply circuit concerning the 16th operation gestalt. In this 
example, the 2nd switching circuit S2 and a series circuit with 
Capacitor C are established in the location connected to a serial to the 
inductor, Inductor L, and input power E which are shown by Tl. The 
operation effectiveness of this circuit is the same as that of the case 
of drawing 15 . 

[0075] Drawing 17 is drawing showing the configuration of the switching 
power supply circuit concerning the 17th operation gestalt. In this 
example, the two output sections of the secondary coil T2 of a 
transformer were prepared, and rectifier diode Ds, Ds' , and a smoothing 
capacitor Co and Co' are prepared in each. Moreover, Capacitor Cs and 
Cs' are connected to juxtaposition at rectifier diode Ds and Ds' . In 
addition, Capacitor Cs and Cs* may be used independently, respectively, 
and may be combined and used. And he detects the output voltage of 2~2' , 
and is trying for a control circuit 11 to control the ON time amount of 
a switching device Ql by this example. Therefore, stabilization output 
voltage is obtained as output voltage Vo between 2-2' . Moreover, 
metastable output voltage is obtained by terminal 2' -2". 
[0076] Drawing 18 is drawing showing the example of the fluctuation 
property of output voltage Vo' to fluctuation of load current Io' . In 



this drawing, the property of a ringing choke converter with the former 
common [ a broken line ] and a continuous line are the properties of the 
power circuit shown in drawing 17 . Thus, in the circuit shown in 
drawing 17 , Inductor L resonates with Capacitor C, and since energy 
loss is low stopped by contributing to regeneration actuation, 
fluctuation of output voltage Vo' to fluctuation of load current Io' 
becomes small compared with the conventional multi-output mold ringing 
choke converter. 

[0077] Drawing 19 is drawing showing the configuration of the switching 
power supply circuit concerning the 18th operation gestalt. Although the 
basic configuration is the same as that of the circuit shown in drawing 
1 , in this example, a capacitor C3, C3", and C3' are connected to 
juxtaposition to the series circuit of the primary coil Tl and Inductor 
L between the secondary coils T2 between the primary coils Tl of 
Transformer T. The above-mentioned resonance frequency can be defined 
with the capacity of these capacitors C3, C3' , and C3", without changing 
CI, C2, and Cs, since C3 and C3' affect the resonance conditions by 
capacitors CI and C2, Inductor L, and the primary coil Tl here and 
capacitor C3" affects the resonance conditions of the secondary coil T2 
and Capacitor Cs. In addition, these capacitors C3, C3' , and C3" may be 
used independently, respectively, and may be combined. 
[0078] Now, in the circuit shown in each above-mentioned operation 
gestalt, the actuation which attains stabilization of output power 
(output voltage) is explained below. The wave of operation covering 1 
switching period of the current idl of a switching device Ql is first 
shown in drawing 25 . In drawing 2525 The excitation period (tl~t2) to 
the forward direction of Transformer T Tonl, the 1st resonance period 
which the coil electrical potential difference of a transformer reverses 
(t2-t3) The period when Tdl and the stored excitation energy are emitted 
(t3~t4) The energy excited to the hard flow of Td2 and Transformer T in 
the 2nd resonance period (t5~t6) when Toff2 and the coil electrical 
potential difference of a transformer reverse Toffl and the excitation 
period (t4-t5) to the hard flow of Transformer T sets to Ton2 the 
regeneration period (t6-t7) revived by input power. Since there is no 
change in energy of Tdl and Td2 resonance periods only by energy 
changing at this time, if regeneration energy revived [ output power / 
energy / Po and / to the forward direction of Transformer T / 
excitation ] by P2 and input power in PI and the excitation energy to 
the hard flow of Transformer T is set to P3, the excitation energy P2 to 
the hard flow of Transformer T will turn into the regeneration energy P3 
revived by input power. Therefore, the excitation energy P2 and the 



regeneration energy P3 to hard flow are equal, and the following 
equality is realized. 

[0079] [formula l] Po=Pl-P2=Pl-P3 — here, in input voltage, when Lm and 
a switching period are set with T and power conversion effectiveness is 
set with eta, Energy PI, P2, and Po is expressed [ inductance / of Vin 
and the primary coil of Transformer T ] with the following relation. 
[0080] 

[formula 2] P1=T (Vin-Tonl) 2 / 2 — Lm [a formula 3] P2=T(Vin-Ton2) 2 / 
2 — Lm [a formula 4] Po=T~Vin2 and (Tonl2-Ton22) eta/— 2 Lm, when Np 
and the number of secondary coils are set [ output voltage ] for Vo and 
the number of primary coils of Transformer T with Ns, Vo is expressed 
below in output voltage again. 
[0081] 

[Formula 5] Vo=(Ns-Tonl, Vin)/(Np-Toffl) = (Ns-Ton2, Vin)/(Np-Toff2) 
For control of the output voltage to fluctuation of input voltage Vin, 
by controlling the ON time amount of a switching device Ql, Tonl and 
Toffl are controlled and the electrical potential difference of an 
output is controlled from these formulas. Moreover, to fluctuation of 
output power (output current), output voltage is controlled from a 
formula 4 by controlling Tonl, i.e., the ON time amount of a switching 
device Ql, or Ton2, i. e. , the ON time amount of a switching device Q2, 
or controlling the both sides. Here, Tonl/Toffl and Ton2/Toff2 are 
determined by the formula 5 by output voltage Vo, input voltage Vin and 
the winding ratio Ns of a transformer/Np. 
[0082] The switching frequency f is f= 1/ (Ton+Toff) = 
1/ (Tonl+Ton2+Tof f 1+Tof f 2+Tdl+Td2) . 

Since it can express, it is from this formula and formula 5 [a formula 
6]. f= l/[{l+(Ns-Vin)/(Np-Vo)} (Tonl+Ton2)+Tdl+Td2] 
It can express. 

[0083] Here, the ON time amount of a switching device Q2 is controlled, 
when making excitation time amount Toff2 to the hard flow of Transformer 
T into the minimum time amount (fixed time amount) required in order to 
realize zero electrical-potential-difference switching operation, Toff2 
and Ton2 become about 1 constant value decided by the inductance Lm of 
input voltage Vin and capacitors CI and C2, and the primary coil Tl of a 
transformer, and Tonl is controlled according to the magnitude of a load. 
(A) of drawing 22 shows the example of abbreviation of change of the 
current idl in that case. However, the period of Tdl and Td2 is omitted 
in drawing 22 , and the exciting current im is expressed in the broken 
line as drawing 24 by making hard flow forward. Thus, making excitation 
time amount Toff2 to the hard flow of Transformer T into the minimum 



time amount (fixed time amount), a control circuit 11 controls the ON 
time amount of a switching device Ql so that a load becomes heavy, and 
the ON time amount Tonl of a switching device Ql becomes long. At this 
time, a control circuit 12 is controlled so that the excitation time 
amount Toff2 to the hard flow of Transformer T turns into the above- 
mentioned minimum time amount in a switching device Q2 synchronizing 
with a switching device Ql. It turns out that a switching frequency is 
decided from a formula 6 at this time, an abbreviation inverse 
proportion is carried out and a switching frequency becomes high at Tonl, 
so that a load becomes light since Ton2, Tdl, and Td2 become about 1 
constant value decided by each resonance frequency. However, the 
switching frequency f2 in the conventional RCC makes the change width of 
face of this switching frequency correspond with a formula 6 as compared 
with the conventional RCC, and it is expressed with the following 
formulas. 
[0084] 

[Formula 7] By the switching control method shown in (A) of drawing 22 
so that clearly, if f2=l/{l+(Ns-Vin)/(Np-Vo)} Tonl formula 6 was 
compared with a formula 7, increase of the switching frequency at the 
time of a light load is controlled by having established time amount 
Ton2, Tdl, and Td2 as compared with the conventional method. The above- 
mentioned time amount Tdl and Td2 is established by having connected 
Capacitor Cs to the rectifying device at juxtaposition, and the period 
which discharges Capacitor Cs to a zero electrical potential difference 
by the energy to which Tdl is emitted from a secondary, and Td2 are 
periods charged to the sum of output voltage and secondary coil 
electrical potential differences. This period is only transition of 
energy and has controlled the rise of the switching frequency at the 
time of a light load by establishing this period as compared with the 
conventional RCC method. 

[0085] Drawing 23 is drawing showing the relation of the output power 
(current) and switching frequency by operation of the above-mentioned 
control circuit 11. In this drawing, the property by the method having 
shown A in (A) of drawing 22 and D are the properties of the 
conventional RCC. Thus, by the conventional RCC method, although an 
output and a switching frequency serve as relation of an abbreviation 
inverse proportion, with the control system shown in (A) of drawing 22 , 
fluctuation of a switching frequency is small suppressed compared with 
the conventional RCC. 

[0086] Although a switching frequency is changed according to the 
switching control method shown in (A) of drawing 22 , diode Dl hardly 



flows but can disregard flow loss of diode Dl, and reverse recovery loss. 
Moreover, since the peak current value at the time of the turn-off of a 
switch Ql is small at the time of a light load, flow loss of switching 
devices Ql and Q2 and flow loss of Transformer T, and flux reversal 
width of face are small. For this reason, it becomes possible to operate 
efficient from a light load to heavy loading. 

[0087] Furthermore, output power (current) can also be controlled in 
each operation gestalt mentioned above, being able to set a switching 
frequency as almost constant. That is, from a formula 6, by seting 
(Tonl+Ton2) almost constant, a switching frequency is set almost 
constant and output voltage is controlled by changing the ratio of Tonl 
and Ton2 from a formula 5. (C) of drawing 22 shows the example of 
abbreviation of change of the current idl in that case. Thus, the rate 
to Ton2 of Tonl is enlarged, so that a load becomes heavy. That is, a 
control circuit 11 controls the ON time amount Tonl of a switching 
device Ql, and it is made to become fixed [ output voltage ] according 
to the magnitude of a load, and although a switching device Q2 is made 
to turn on and off synchronizing with a switching device Ql, a control 
circuit 12 is controlled irrespective of the magnitude of a load by 
making regularity ON time amount Toff of a switching device Q2 so that 
Ton+Toff becomes fixed. In drawing 23 , C is a property by the method 
shown in (C) of drawing 22 . Thus, in the control system shown in 
drawing 22 (C), a switching frequency becomes fixed regardless of the 
magnitude of a load. 

[0088] However, by this switching control method, when a load is light, 
the peak current value at the time of the turn-off of a switch Ql etc. 
is large, the switching loss of switching devices Ql and Q2 and flow 
loss are large, and the flux reversal width of face of Transformer T 
serves as max continuously, and loss of a transformer is large. 
[0089] Then, the method which controls Toff according to the magnitude 
of a load so that above Toff 2 becomes fixed, The method which controls 
Toff uniformly irrespective of the magnitude of a load is combined. When 
a load is light In the load range in which output voltage is controlled, 
and increase of a switching frequency is controlled, and fluctuation of 
a switching frequency does not pose a problem by changing the ratio of 
Tonl and Ton2 Making Toff2 into the minimum, ON time amount Tonl of a 
switching device Ql is lengthened, and output voltage is controlled, so 
that a load becomes heavy. (B) of drawing 22 shows the example of 
abbreviation of change of the current idl in that case. Moreover, B in 
drawing 23 shows the relation of fluctuation of the switching frequency 
to the magnitude of the load in that case. Thus, in the control system 



shown in drawing 22 (B), the in-between property of the method of A and 
C shown in this drawing is shown, and it becomes possible to make it 
operate with sufficient balance efficient from a light load to heavy 
loading, controlling fluctuation of a switching frequency. 
[0090] In addition, in the control system shown in (A) of drawing 22 , 
although it controls the ON time amount Toff of Q2 according to the 
output current in seting Toff2 constant by the minimum time amount 
irrespective of the magnitude of a load, for that purpose, the magnitude 
of a load is detected. For example, the detector 14 shown in drawing 1 
detects the output current Io in addition to output voltage Vo, and it 
controls the off-timing of Q2 so that a control circuit 12 serves as 
time amount of the minimum [ Toff /2 ] in response to the detecting 
signal. Moreover, what is necessary is in the case of the control system 
which makes Toff regularity, to establish a time constant circuit in a 
control circuit 12, and just to constitute a circuit so that the time 
amount by the turn-off may become always fixed from the turn-on of Q2 as 
shown in (C) of drawing 22 . 
[0091] 

[Effect of the Invention] In order according to invention concerning 
claims 1 and 2 to carry out the turn-on of the switching devices Ql and 
Q2 on a zero electrical potential difference and to carry out the turn- 
off of the switching device Q2 near zero current, Switching loss is 
reduced sharply and the turn-on of the rectifying device Ds of a 
secondary is carried out by zero current. And the current wave form 
recovers from zero current comparatively steeply, since it becomes zero 
current again and becomes a wave near the square wave which carries out 
a turn-off after reaching the peak point that the rate of change of a 
current serves as zero, a peak current value is held down low, an 
effective current value is reduced, and flow loss is reduced. 
[0092] According to invention concerning claim 3, two switching devices 
Ql and Q2 from which a grand level differs can be insulated and driven, 
and since it is not necessary to insulate using a pulse transformer, a 
photo coupler, etc. , low cost-ization can be attained. Moreover, a 
switching device Q2 can be easily driven synchronizing with a switching 
device Ql by using the voltage waveform mostly proportional to primary 
coil electrical potential differences of Transformer T. Moreover, the 
period when both the switching devices Ql and Q2 of both become off can 
be established easily, and destruction by coincidence ON of two 
switching devices Ql and Q2 can be prevented. Furthermore, since it is 
not necessary to use IC for carrying out switching control of the 
switching devices Ql and Q2 by separate excitation oscillation, a 



switching control circuit is not complicated but low cost-ization can be 
attained to the whole. 

[0093] In order according to invention concerning claim 4 not to need 
two bias windings but to only use one bias winding, a transformer [ that 
it is small and low cost ] will be used, and a switching power supply 
circuit [ that it is small and low cost ] is obtained by the whole. 
[0094] When according to invention concerning claim 5 flow loss in a 
secondary rectifier circuit can be reduced and a field effect transistor 
is used as a switching device, the parasitism diode and parasitism 
capacitor can be used effectively, and components mark can be reduced. 
[0095] According to invention concerning claim 6, since the applied 
voltage to switching devices Ql and Q2 is determined by the split ratio 
of the primary coil of a transformer, design range, such as pressure- 
proofing required of switching devices Ql and Q2 by setup of the above- 
mentioned split ratio, is expanded. 

[0096] According to invention concerning claim 7, since the applied 
voltage to two switching devices Ql and Q2 is determined by the turn 
ratio with the primary coil which formed independently the primary coil 
connected to a serial at input power, and this primary coil, the 
pressure-proofing required of Ql and Q2 by the design of the above- 
mentioned turn ratio can be defined, and the design range can be 
expanded. 

[0097] According to invention concerning claim 8, it can become the 
switching power supply circuit of a non-insulating mold, a small 
inductance component can be used, a miniaturization can be attained to 
the whole, and the conversion loss accompanying electromagnetic-energy 
conversion is also reduced, and eff icient-ization can be attained to the 
whole. 

[0098] According to invention concerning claim 9, the parasitism diode 
and the parasitism capacitor of a field effect transistor can be used 
effectively, and components mark can be reduced. 

[0099] Components mark are not only reduced, but according to invention 
concerning claim 10, since Inductor L is used for resonance actuation of 
energy, it can reduce the energy loss by the leakage inductance of a 
transformer. 

[0100] According to invention concerning claim 11, components mark are 
reduced and small low cost-ization can be attained. 

[0101] According to invention concerning claim 12, the switching power 
supply circuit of many outputs is constituted, the output which direct 
feedback requires among these outputs turns into a stable output, other 
outputs turn into a metastable output, but since the energy accumulated 
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in Inductor L is revived by input power, without being lost, the 
electrical-potential-difference stabilization characteristics by the 
load effect are improved also about a metastable output. 
[0102] According to invention concerning claim 13, the capacitor 
connected to juxtaposition to the series circuit of the capacitor 
connected between the primary coils of a transformer or primary winding, 
and said inductor L Acting on the capacitor CI and the 2nd switching 
element Q2 by which parallel connection was carried out to the 1st 
switching device Ql like the capacitor C2 connected to juxtaposition, 
the capacitor connected between the secondary coils of a transformer 
acts like the capacitor Cs by which parallel connection was carried out 
to the rectifying device Ds. Therefore, the resonance conditions in a 
primary transformer side or a secondary can be defined. 
[0103] According to invention concerning claims 14 and 15, switching 
devices Ql or Q2 carry out zero electrical-potential-difference turn-on 
actuation, and the switching loss at the time of a turn-on is reduced. 
[0104] According to invention concerning claim 16, a switching device Q2 
carries out about 0 current turn-off actuation, and the switching loss 
at the time of a turn-off is reduced. 

[0105] In order not to accompany the current which flows to a rectifying 
device Ds by the abrupt change according to invention concerning claim 
17, switching loss and reverse recovery loss are reduced. Moreover, when 
a peak current value becomes small, effective current is reduced and 
flow loss is reduced. 

[0106] According to invention concerning claim 18, it is not accompanied 
by change with the steep both-ends electrical potential difference of 
Capacitor Cs, but the switching loss and reverse recovery loss of a 
rectifying device Ds are reduced. 

[0107] According to invention concerning claim 19, the flow loss by the 
current which flows in a circuit, and loss of a transformer can be 
reduced, and it can be made to operate efficient from a light load to 
heavy loading. 

[0108] According to invention concerning claim 20, change width of face 
of a switching frequency can be relatively made small, and it can be 
made to operate efficient from a light load to heavy loading. 
[0109] According to invention concerning claim 21, a switching frequency 
can be kept almost constant and it can apply now to the power circuit 
where the range of fluctuation of a switching frequency was restrained. 
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[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the configuration of the switching power 

supply circuit concerning the 1st operation gestalt 

[Drawing 2] Drawing showing the configuration of the switching power 

supply circuit concerning the 2nd operation gestalt 

[Drawing 3] Drawing showing the configuration of the switching power 

supply circuit concerning the 3rd operation gestalt 

[Drawing 4] Drawing showing the configuration of the switching power 

supply circuit concerning the 4th operation gestalt 

[Drawing 5] Drawing showing the configuration of the switching power 

supply circuit concerning the 5th operation gestalt 

[Drawing 6] Drawing showing the configuration of the switching power 

supply circuit concerning the 6th operation gestalt 

[Drawing 7] Drawing showing the configuration of the switching power 

supply circuit concerning the 7th operation gestalt 

[Drawing 8] Drawing showing the configuration of the switching power 

supply circuit concerning the 8th operation gestalt 

[Drawing 9] Drawing showing the configuration of the switching power 

supply circuit concerning the 9th operation gestalt 

[Drawing 10] Drawing showing the configuration of the switching power 

supply circuit concerning the 10th operation gestalt 

[Drawing 11] Drawing showing the configuration of the switching power 

supply circuit concerning the 11th operation gestalt 

[Drawing 12] Drawing showing the configuration of the switching power 

supply circuit concerning the 12th operation gestalt 

[Drawing 13] Drawing showing the configuration of the switching power 

supply circuit concerning the 13th operation gestalt 

[Drawing 14] Drawing showing the configuration of the switching power 

supply circuit concerning the 14th operation gestalt 



[Drawing 15] Drawing showing the configuration of the switching power 

supply circuit concerning the 15th operation gestalt 

[Drawing 16] Drawing showing the configuration of the switching power 

supply circuit concerning the 16th operation gestalt 

[Drawing 17] Drawing showing the configuration of the switching power 

supply circuit concerning the 17th operation gestalt 

[Drawing 18] Drawing showing the example of change of the output voltage 
to the output current in drawing 17 

[Drawing 19] Drawing showing the configuration of the switching power 

supply circuit concerning the 18th operation gestalt 

[Drawing 20] Drawing showing the configuration of the switching power 

supply circuit concerning the 6th operation gestalt 

[Drawing 21] Drawing showing the configuration of the switching power 

supply circuit concerning the 7th operation gestalt 

[Drawing 22] Drawing showing the example of change of the current idl 

over the magnitude of a load 

[Drawing 23] Drawing showing the example of change of the switching 
frequency to the output current 

[Drawing 24] Drawing showing the example of a voltage-current wave of 
each part in each operation gestalt 

[Drawing 25] Drawing showing the wave-like example of the current idl in 
1 switching period 

[Drawing 26] Drawing showing the example of a configuration of the 
conventional ringing choke converter 

[Drawing 27] Drawing showing the wave of each part in drawing 26 

[Description of Notations] 

The Ql-lst switching device 

The Q2~2nd switching device 

The Sl-lst switching circuit 

The S2-2nd switching circuit 

Ds-rectifying device 

Cs-capacitor 

Ocapacitor 
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[Drawing l] 





[Drawing 3] 





[Drawing 6] 




[Drawing 7] 
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[Drawing 8] 




[Drawing 9] 
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[Drawing 10] 





[Drawing 12] 




[Drawing 13] 





[Drawing 15] 





[Drawing 17] 
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[Drawing 23] 
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[Drawing 21] 
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[Drawing 22] 



(A) idl 0 



(B) id! 0 



(C) idl 0 




[Drawing 25] 
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[Drawing 26] 





[Drawing 27] 
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